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PREFACE 

TO THE FIFTH EDITION. 



Books of arithmetic have, of late, become so extremely nu- 
merous, that if the progress of the science were to be esti- 
mated from that circumstance alone, it might naturally be 
concluded that every possible improvement had been antici- 
pated, and the subject wholly exhausted. But it has happened 
in this case, as in many others, that much has been promised 
and little effected. The greater part of these performances are 
so nearly alike, both in matter and method, that they appear to 
be little more than mere copieS of each other, ill-digested, and 
embarrassed with such a yairietyjuf miscellaneous observations, 
as render them totally uafifrtor^ttL^piSrpose of teaching. 

The principal object •f'^Wc^Mf'o.f {his kind, should be to 
provide the learner with a pro{)eraB^6f rules and examples, so 
methodised and arranged, that t^jmdy be readily transcribed, 
and fixed in the memory, i^itHouf any other assistance from 
the master than that of explaining the nature of the process, 
and examining the truth of the operations. These I have 
endeavoured to supply ; and, since the first publication of this 
treatise, have had the satisfaction to find that it has been' 
generally approved by intelligent tutors, and introduced into 
several of the most respectable academies in the kingdom. 

To render the work, therefore, still more complete, the 

present edition has not only been corrected and improved 

throughout, but in many places entirely re-written. — Every 

example in the book has, also, been separately examined, by 

two or three different persons, and the greatest care taken to 

avoid errors of the press ; so that it is presumed few or none 

will be now found of any material consequence. To say 

more would be unnecessary ; the plan of the work is already 

sufficiently known, and of its merits or defects, the public 

alone must determine. 

JOHN BONNYCASTLE. 

jtifaf MdUtuj Aeademjh WiMiwich, 
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PREFACE 

TO 

THE EIGHTEENTH EDITION 



Iir preparing the present edition of Bonnycastle's Arithmetic, 
the. chief object of the Editor has been to secure accuracy. 
In revising the former impression some errors were detected 
which now no longer appear. Some improvements will also 
be found in a few of the earlier processes, and several new 
notes have been added. But the principal additions of anj 
consequence will be found from pages 250 to 262, where 
new methods are given of Verifying Dates, and of finding 
Easter according to new or old style, for any given year 
whatsoever without limitation, and also of finding the Moon's 
age (according to the mean motion) on any asdgned day 
whatever, before or after the Christian era. The e^camptes 
given illustrating the methods^ will sufficiently show their 
U8e and application* 

SAMUEL MAYNARP.- 

No. 8. Earft Court, Leieetter Square, 
Lontbm, August 1. 1851. 
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EXPLANATION 
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THE CHARACTERS USED IN ARITHMETIC, &c. 



+ denotes phu or more. The lign of AftfiWon, lignlfytng that the numbers 
between which it is placed are to be added together. Thus, 9 4^ b denotes that 6 Is to 
be added to 9. In geometrical lines, also. AB + CD signifies that the line A B is 
to be incressed by the line CD. Also a-Yh denotes the sum of the quantities repre. 
seated by a and b, which must be of like kind. 

- denotes mimu or leu. The sign of subtracHon^ signiMng that the latter of 
die two numbers between which It Is placed is to be taken from the former. Thus, 
fi-8 denotes that the 3 Is to be taken f^om the 5 ; in geometrical lines, also, A B- C D, 
rigntfies that tire line CD is to be taken from the line A B. Otherwise a-b denotes 
their dtfllBraace when b is the less, and b-a shows thehr dlflbrence when a Is the less, b 
KoAa being of course quantities of a like kind. 

M denotes di^emce; and is written between two numbers or quantities to denote 
their diflbrence, whoi it does not appear which of them is the greater ; 

as 1| ««^ zL, or a 'w 6, ft and a bdng of course quantities of like kind. 
17 108 

X or • denotes Mo or bg. The sign of multipUcation^ signifying that the numbers 
between which it is placed are to be multiplied together. Thus. 8x6 denotes that 8 Is 
to be multiplied bv 6. Similarly In geometrical lines, A B x CD, signifies that the 
numbers representing the Ihie A'B and C D are to be multiplied together: the SHme is 
likewise expressed, AB • CD, which also, denotes the. rectangle under A B and CD. 
Again ax 6 expresses the product of the quantity a by the number 6, or of the quantity 
b by the number a, and a* b or ab sienifles the same thing. Again, 5 A B or 5a denotes 
that the quantity A B or a is to be taken 5 times : and 7(ii't-6) is 7 times a-i-b ; and these 
ninnbers 5 or 7, showing how often the quantities are to be taken or multiplied, ara 
called the coefficients. The sign of multiplicaiion between the coefficient and pa- 
rentheses is very often left out, it being always understood that the quantities which 
are included by the parentheses are to be multiplied by the coefficient. 

-h denotes divided bu. The sign of ditUion^ signifying that the former of the two 
numbmrs between which It is placed is to be divided by the latter. Thus, 8-r4 
denotes that 8 is to be divided by 4. This Is also expressed by placing the dividend 

aboTe a line, and the divisor below it. Thus, -r . . ^ denotes that 8 is to be 

4 afftOWUtUttOT 

divided by 4. In geometrical lines, also, 'A B -r C D signifies that the line A B is to be 

A B a 

divided by the line CD ; or thus, g^. Otherwise a •{- ft, or ^ shows that the quan- 
tity or number represented by A is to be divided by the number which is represented by ft. 

Also -i is the reciprocal of - ; and - is the reciprocal of a, for the reciprocal of any 

number is that number inverted, or unity divided by It 

Bmtio is the mutual relation of two numbers, or of two quantities, with respect to 
■laipiitude. 

It is evident that this relation can exist only between quantities of a similar kind : 
thus a number can only be compared with a number; a line with a line ; &c. &c. ; for 
it woohi be absurd to compare a certain number of feet with a certain number of 
.pounds, &c. 

The ratio of two numbers or of two Quantities Is expressed by placing a colon be- 
tween them, as 1 : 3 ; a : ft ; &c., and is called the ratio of 1 to a ; the ratio of a to ft; ftc. 
napectfvely. 

Tbe ftnt of the two terms of a ratio is called the antecedent, the other the conseq^yna 
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VUl EXPLANATION OP SIGNS, ETC 

Proportion ii the equality or limflltude of two or more ratios, and it denoted by a 
double colon placed between the ratios : thus if a : 6 is the same as 1 : 2, then the pro- 
portion is denoted by a : 6 : ! 1 : 2, or 1 : 2 : : a : 6, and read "as a is to 6 so is 1 to 2," 
or ** as 1 is to 2 so is a to 6. 

In a proportion consisting of two ratios or four terms, the first and fourth terms 
are called the extremes^ the second and third the meam. When the meant are equal, 
either of them is called a mean proportional between the extremes. 

Proportion it often confounded with ratio ; but they are quite diflR?rent things : for, as 
above defined, ratio is the mutual relation of two quantities of one and the same kind ; 
but proportion consists of two or more ratios, consequently of four or more quMitities ; 
of wnich the quantities or terms of any one ratio may be the tame or differeut firom 
those of any other ratio. 

w deootei equal to; the sign of equality, signtfjrtng that the nurobert or quantities 
(which must he of like kind) between which it is placed are equal to each other. Thus, 
2 poles - f 2 poles as 4 poles b 22 yards si chahi « 100 links. 

denotes a vinculum / and ( ) denotes parentheaes j [1 denotes crotckHs ; 

and I I denotes braces. These tigns are made use of to connect two or more quantities 

togeuier, and they are synonymous with regard to their ^plication ; for, 

(7 + 4-6)x8 = [(7 + 4}-6]x8-(ll-5)x8-6x8 = 48, 

is the same at 
f(7 + 4)-.6]x8«(ll-6)x8 = 6x8«48, 

or 

{(7 + 4)-.6] x8»(ll-.5)x 8-6 x 8-48. 
The ifincmkuitj or parentkeseit which includes the 7 and 4, senret aa a chain to Knk 
them together, or to connect two or more quantities into one, and shows that they are 
to be added together before the number 5 it tubtracted ; and ttie crotchets^ and also the 
bracetf show that the numerals which they include must first be operated upon, and 
the result multiplied by the number 8. 

%S»" ienott indicet^ or expoHenii. These expressions, placed above a number to 

the right, show to what power it is understood to be raised ; as 10^ lo', <i^, &c., which 

represents the square and cube of 10 ; and also the itth power of a ; tkmt, 10^ — 10 x 

10 as 100, and lOr — 10 x 10 X 10 — 1000 ; alto a", meaning that a it a factor as often as 
there are units in ft, whatever number n may be. 

V, 4^* V^ denotes radical signs. Any one of these expressions placed before a 
number, represents that the number is to have its respective root extracted ; it is also 
expressed by a Aractional index, or exponent, placed over, and a little to the right 
of, the given number. Thus the square root of 36 is expressed by ^36, or 

(36)^; the cube root of 64 by ^^ or (64)^; and the nth root of a by v^ o, or 

•, &c 

o * ** M *»•» denote A^^et, mAttflfV, seconds, thirds^ and /bwrlte, when placed above 
a quantity to the right ; thut, 70 degrees^ 16 minutes, 84 seconds. 49 thirds, 67 fourths, 
are expretted by 70^, 16% 34'', AV*\hV'". Also, one of these characters it made une 
of sometimes to denote a repeating decimal, when placed above the quantity to the 
right ; thus, the repeater '819444, &c.. It expressed by '8194', and the tame da«h denotes 
a circtUate, when placed over the first and last figure to the right ; thus, 769230769230, 
Ac. is expretted oy 7^09230'. A dot placed over the figure in circulating decimals is 
frequently made ute of inttead of the dash. Again, tome v( these cl)arM:tert are made 
use of for lineal meature ; thut, 10 inches, 8 seconds, 7 thirds, 5 fourths, are expressed 
by 10*, 8", 7"\ 5"". 

The Italic letters £, I, s, d, /, q, are taken from the Latin words, £ or /, librse, 
for pounds ; s, solidi for shillings ; if, deuarii for pence ; J, or ?, quadrantes, for 
farthings. 

.*. denotes therefore. 

*.' denotes because. 

l_ denotes an aniglt; fti ^ A tlgnUlei the angle A. 

J_ denotes pcf7)0mi»ciiifM' to. 

> between quantities of like kind denotes greater than, as A> B, shows that A is 
greater than B. 

< between quantities of like kind denotes less lHait, as A < B, shows that A is less 
thanB. 

OD denotes i^finiW, vi%» that the quantity standhig before it i< of an unlimited 
value ; thus o—x signifies that a is equal to infinitv, or thitt a is infinitely great. 
If a ar 00, and 6«a finite quantity, then (4-a is infinitely small. 



ARITHMETIC. 



•Abithmetic is the science which treats of the nature of 
ibTnoibers, and of their use in various kinds of calculations. 
. Its leading rules are Notation, Addition, Subtraction, Mul- 
tiplication, and Division; from which all the rest are derived. 

^tatton^ anil fBumerattom 

Notation is the method of expressing numbers bj words 
or figures ; and Numeration is the reading or writing any 
proposed sum or number. 

The characters used for this purpose are the ten numeral 
figures, or digits, cipher, 1 one, 2 two, 3 three, 4 four,^ 
o five, 6 six, 7 seven, 8 eight, 9 nine; bj which, either singly 
or conjointly, all numbers can be expressed. 

This is done by giving to each of these figures another 
value» besides its simple one, which is made to depend upon 
the place it stands in, when joined to others, as in the follow- 
ing table : 
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2 NOTATION. 

Where it is to be observed, that the figure in the first 
place, reckoning from right to left, denotes only its simple 
yalue; that in the second place, ten times its simple value; 
that in the third, a hundred times its simple value; and sp 
on 3 the value of any figure, in each successive place, being 
always ten times its preceding value. 

Thus, in the number 1843, the 3 in the first place signifies 
only three; 4 in the second place signifies four tens, or 
forty ; 8 in the third place is eight hundred ; the 1 in the 
fourth place, one thousand ; and the whole number is read 
thus, one. thousand eight hundred and forty-three. 

The naughtf or cipher, stands for nothing of itself; but 
when joined to the right hand of other figures, it increases 
their value in the same tenfold proportion : thus, 8 signifies 
only eight; but 80 signifies eight tens, or eighty; 800 is ten 
times 80, or eight hundred, &c. 

To this we may also add, that for the more easily reading 
of large numbers, it is usual to divide them into periods of 6 
figures each ; the first of which will be units, tens, hundreds, 
and thousands ; the second, millions ; the thirds bi-millions, 
or billions ; the fourth, tri-millions, or trillions, &c. as below. 
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Which number is read thus, seven hundred and eighty-nine 
thousand and ninety-eight trillions, four hundred and sixty- 
five thousand four hundred and thirty-two billions, one hun- 
dred and one thousand two hundred and thirty-four millions, 
live hundred and sixty-seven thousand eight hundred and 
ninety-two. 

And by continuing the periods in a similar manner, to 
quadrillions, quintillions, &c. any number, however large, 
may be readily expressed and enumerated. 

It may, likewise, be remarked, that the digits 1, 2, 3, 4, 5, 
6, 7, 8, 9, having each a value of itself, are called significant 



KOTATIOK. 



ftgureii, in order to distinguish them from the cipher, or xero, 
Oy which is naught, or of no value, when it stands alone.* 



EXAMPLES. 

Write in figures the following numhers : — 
(1.) Twenty-five. 
(2.S One hundred and eighty. 
(3.) Seven hundred and seventeen. 

f4.) Eight hundred and sixty-seven. 
5.) Nine hundred and fifty-nine. 

(6.) One thousand four hundred and thirty-three. 

(7 J) Fifty-four thousand six hundred and fifty. 

(8.) One million, three hundred and twenty-seven thou- 
sand, ^ve hundred and ninety-one. 

(9.) Two millions, two hundred and twenty-two thousand, 
eight hundred and seventy-five. 

(10.) Five millions, five hundred thousand, and fifteen. 

(11.) Nine hundred and ninety-nine millions, seven hun- 
dred and seventy thousand, and fifty. 



* The Romans, and other ancient nations, for want of being acquainted 
with the method of notation now used, which was first introduced into 
Earope by the Arabs about the year 1000, expressed numbers by means 
of the seven following capital letters of the alphabet: 

Numbers i. v. x. l. c. d. k. 
Value 1. 5. la 50; 100. 500. 1000. 
And by repeating and combining these, any of the intermediate, or 
higher numbers, were denoted as fdlows: 

Numbers n. m. im. xx. cc. coc. hm. 
Value 2. 3. 4. 20. 200. 300. 2000. 

Also annexing a letter, or letters, of a lower value to one of a higher, 
denoted their sum : 

As VI. vnr. xii. xv. xvn. lxx ix;. 
Values. 8. 12. 15. 17. 70. 600. 

. And when a letter of a lower value was put before one of a higher, it 
dfooted their difference : 

As IV. IX. XTX. XL. XC. CD. 

4. 9. 19. 40. 90. 400. 

Also, in the titles of some old books, we find lo put for d, or 500 ; 
Hud to every such o annexed, the value is increased tenfold ; as I30 is 
4M0O» laoo is 50000, &c. ; ci3 is also put for m, or 1000 ; and for every 
such c and o, the value is increased as before. Thus, ccioo is 10000, 
i^d cccKXX) is 100000. 
[ And if a bar be put over any number, it increases its value 1000 fold. 

Thus, Tis 5000, X is lOOOO, L is 50000, and c 100000, &c 
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9 SIMPLE ADDITION, 

, (12.) Foiirliunclred and seVeiitj-nine inillions, six hundred 
and twenty-seven thousand, and eighty-seven. 

(13.) Eighteen billions, eight hundred and eighty-eight mil- 
lions, eight hundred thousand, eight hundred and eighty-seven. 

Write in words the following numbers : 
(14.) 27 (20.) 9090 (26.) 190851 

15.) 81 (21.) 10751 (27.) 940509 

16.) 170 (22.) 40848 (28.) 1207508 



(17.) 1114 (23.) 85423 (29.) 8400018 

(18.) 3064 (24.) 90600 (30.) 28043713 

(19.) 9876 (25.) 110101 (31.) 111000111 



Simple atiUfttott* 

Simple Addition is the method of collecting several 
numbers, of the same denomination, into one sum. 

RULE.* 

1. Place the numbers under each other, so that units may 
stand under units, tens under tens, &c., and draw a line below 
them. 

- 

* This rule is founded on the known axiom that the whole is equal 
to the sum of all its parts. And the method of placing the numbers, 
and carrying for the tens, is evident from the nature of notation; for any 
other disposition of them would entirely alter their value : and carrying 
one for every ten, from an inferior line to a superior, is in consequence 
of a unit in the latter being equal in value to ten in the former.* 

It may here, also, be observed, that besides the method given in th« 
text, there is another very ingenious one of proving addition, by casting 
out the nines; which is as follows: 

. Rule 1. Add all the figures in the uppermost row together, according 
to the order in which they stand; and having rejected as many nines af 
are contained in their sum, set down the remainiler directly even with 
the rest of the figures. 

2. Do the same with each of the other rows, and find the sum of all 
the remainders ; then, if the excess of nines in this sum, taken as before, 
be equal to the excess of nines in the total sum, the work is right. 



3782 
5766 
8756 



EXAMPLE. 



Excess of 9*s 



2 
6 

7_ 

6 



18303 6 

This method depends upon a property of the number 9, which, ex- 
cepting 3, belongs to none of the other digits ; viz. that any number 
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2. Add up the figures in the column of units, and find 
how many tens are contained in their sum. 

3. Set down what remains above tlie tens, or, if nothing 
remains, a- cipher, and carry as many units, or ones, to tlie 
next column as there were tens. 

4. Add up the second column, together with the number 
carried, in the same manner as the first ; and proceed thus 
till the whole is finished. 

METHOD OF PBOOF. 

• • 

Draw a line below the uppermost row ; and add all the rest 
together, setting their sum under the number to be proved. 

Then add this last found number and the uppermost line 
together ; and if the sum be the same tA that found by the 
first addition, the work is right. 

Or the sam« may be done otherwise, by beginning at the 
upper line and adding the numbers downwards ; in the same 
manner as they were before added upwards ; in which case, if 
the two sums agree, it may be presumed that the work is right. 



dirided by 9 will leave the same remainder as the sum of its figures, oi^ 
digits, divided by 9; vhich may be shown thus: 
, Let there be. any number, as 3467; which, being separated into its 
sereral parts, becomes 3000-»'400 + 60 + 7; then if each of these parts 
be taken singly, we shall have 3000 » 3 x 1000^3 x (999 -f 1) *- 3 x 
ft99-»'S; i00a4x99-»'4; and 60*-6 x 9 + 6. Whence 3467-3x999 
4-4X 99 + 6x9 + 3 + 4 + 6 + 7; and, consequently, 3467 -s-9 >- (3 x 999 
+ 4 X 99 + 6 X 9 + 3-1-4 + 6 + 7)-$-9. But 3 x 999+4 x 99 + 6 x 9 is evi- 
#ently dirisible by 9 ; therefore, if 3467 be divided by 9, it will leave 
the fame remainder as3+4 + 6 + 7 divided by 9 ; and a similar mode df 
proceeding wiU hold for any other number ; and generally let a, 6, c, &c. 
be the digits of any number beginning with units' place : then N^^a + 
klO + eilO' + &c; aa + 6+6.9+c + c.99 + &c; 

N a + b + e , ,, 
/.J— g— + 6 + e.ll; 

/.— and — - — have the same remainder. 

In the same manner this property may also be shown to belong to 
^e number 3; but the preference is usually given to 9, on account of 
its being more convenient in practice. 

Hence, from the demonstration here given, the reason of the rule itself 
is evident; for the excess of nines in two or more numbers being taken 
separately, and the excess of nines also taken out of the sum of the 
former excesses, it is plain that this last excess must be equal to the 
fix/eifn of nines contained in the total sum of all these numbers; the parts 
being equal to the whole. 
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E 
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.E ADDITION* 

XAMPLE9. 
22345 


(3.) 


34578 


78901 
23456 
78901 
23456 
78901 


67890 

8752 

340 

350 

78 


3750 
87 

328 
17 

327 


307071 Sum. 


99755 Sum. 


39087 Sum. 


283615 


77410 


4509 


307071 Proof. 


99755 Proof. 


S9087 Proof 



(4.) Add 8635, 2194, 7421, 5063, 2196, and 1245 to- 
gether. Ans. 26754, 

(5.) Add 24603, 298765, 47321, 58653, 64218, 5376j 
9821, and 340 together. Am. 509097. 

(6.) Add 562163, 21964, 56321, 18536, 4340, 279, and 
83 together. Ans. 66368& 

(7.) Add 97684, 30768, 5015, 307, 36, and 15 together. 

Ans. 133825. 

(8.) What is the sum of thirty- seven thousand and six, 
four hundred and twenty-nine thousand and nine, and two 
millions and thirtjr.-six ? Ans. 246605 U 

(9.) How manj shillings are there in a crown, a guinea, a 
moidore (or twenty-seven shilling piece), and six-and-thirtj 
shillings ? Ans. 89 shillings. 

(10.) How many days are there in the first nine calendar 
months, when it is leap-year ? Ans. 274 days^ 

(11.) How many days are there from the 19th day of 
April 1851 to the 28th day of November 1852, both days 
exclusive ? Ans. 588 days. 

(12.) Add together 2745678 ; twice forty thousand mil- 
lions, four hundred and sixty-seven thousand and six ; 3 times 
47934576879 ; 87496 ; two thousand four hundred and seven; 
twice fifty thousand seven hundred and nine ; and 4 tiines 
4976378917. Ans. 243713117316. 

(13.) To 3 times 427642874328, add 4 times ninety-six 
billions, four hundred and eighty-four thousand millioni^ 
seven hundred and ninety-six thousand, two hundred and 
fourteen ; and 7428397862847428. Ans. 7815616794655268. 



SIMPLE SUBTRACTION. 7 

(14.) Add 4 times 71832864284 to twice sixteen billions, 
nine hundred and twenty-seven thousand millions, four thou- 
sand eight hundred and sixteen; and twice 47429865123, 
and 49^3649328. Ans. 34241114846342. 

(15.) A person born in 1852 ; at what year will he be 48 
years of age ? Ans, In the year 1900. 



^tmpl( ^uibtratttom 

Simple Subtraction is the method of finding the dif- 
ference of any two numbers, of the same denomination, by 
taking the less from the greater. 

RULE.* 

1. Place the less number under the greater, so that Units 
may stand under units, tens under tens, &c., And draw a line 
below them. 

2. Begin at the right-hand, and take each figure in the 
lower line, when it can be done, from that above it, and set 
down the remainder. 

8. But if any of those figures be greater than those above 
them, add ten to the upper one, and then take the lower 
figure from it ; observing, in this case, to carry one for the 
ten thltt was borrowed to the next lower figure ; with which 
prSceed as before ; and so on till the whole is finished. 

* I. When all the figures of the least number, in this rale, are lest 
than their corresponding figures in the greater, the difference of the 
figures, in the several like places, must, altogether, make the true dif- 
ference sought ; for, as the sum of the parts is equal to the whole, so, 
likewise, must the sum of the differences of all the similar parts be equal 
to the difference of the whole. 

2. When any figure of the greater number is less than its correspond- 
ing figure in the least, the ten, which is added by the rule, is the value 
of a unit in the next higher place, by the nature of notation ; and as 
the one which is added to the next figure of the less number diminishes 
the Value of the greater accordingly, this is only taking from one jplace 
nd adding as much to another, by which the total is not changed. So 
thtt, by this means, the larger number is resolved into such parts as are 
l^^eh greater than, or equal to, the similar parts of the less ; and conse- 
quently the difference of the corresponding figures, taken together, will 
ma^e np the difference of the whole, as before. 

The truth of the method of proof is evident; for the difference of two 
mnttbertf added to the less is manifestly equal to the greater. 
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METHOD OF PROOF. 

Add the remainder to the less number; and if the sum be 
equal to the greater, the work is right. 

EXAMPLES. 



(1.) 

From 3287625 
Take 2343756 



(2.) 
From 5327467 
Take 1008438 



(3.) 
From 1234567 
Take 345678 



Rem. 943869 



Rem, 4319029 



Rem. 888889 



Proof 3287625 

(4.) 
From 1472742 
Take 1251620 



Proof 5327^61 Proof 1234567 



(5.) 
From 4007632 

Take 909876 



(6.) 
From 9069041 
Take 1099876 



Rem. 221122 



Rem. 3097756 



Rem. 7969165 



Proof 1472742 JVoo/ 4007632 Proof 9069041 



(7.) From 2637804 take ^876982. 

(8.; - 

t 



Ans. 260822. 

.) From 3762162 take 826541. Ans. 2935621. 

;9.) From 8821360 take 378218. Ans. 8443142; 

10.) What is the di£ference between thirteen thousand and 

thirteen, and eleven hundred and nine? Ans. 11904. 

(IL) What is the difference between two millions seven 

thousand and eighteen, and one hundred and five thousand 

and seventeen ? Ans. 1902001. 

(12.) The Indian method of notation was first known in 

England about the year a.d. 1150 ; how long is it since to 

the year 1852 ? Ans. 702 years. 

(13.) Sir Isaac Newton was born in the year 1642, and 

died in 1727 : how old was he at the time of his decease? 

Ans, 85 yeat^.'^ 
(14.) Homer, according to the Arundelian marbles, vras 
bom 2759 years ago (viz. 2759 years before 1852) : iiw 
vears was that before the birth of Christ? ' ' 

Ans. 907 years. 
(15.) Christ was born about the year of the world 40QQ; 
the fiood happened in the year a.m. 1656: how manyye^gr?.* 
was the flood before Christ ? Ans. 2344 years* 

(16.) The mariner's compass was invented in a.d. IW^' 



many years 
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]Srihting'in 1440 ; and America was discovered in 1492 : how 
many years were there between each of these discoveries ? 

Ans. 138, 190, and 62 years. 

(17.) A. was born when B. was 21 years of age : how okL 
wiU A. be when B. is 47 ; and what will be the age of B. 
when A. id 60? Ans. A. 26, and B. 81 years. 

(18.) Gunpowder was invented in a.d. 1334, and the Re- 
formation commenced in 1370 : how many years were there 
between, and how many are there since, each of these events, 
this being 1852 ? 

Ans, 36 yrs. between, and 518 and 482 since. 

(19.) The distance from London to Edinburgh, by the 
way of Newcastle, is 393 miles, and from London to New- 
castle 272 miles : how many miles are there between New- 
castle and Edinburgh ? Ans. 121 miles. 

(20.) *The knowledge of printing was introduced into 
England by William Caxton (who resided near Westminster 
Abbey) in a.d. 1474 : how many years is it since ? 

(21.) From 100000790006517410005307 take 
5788909807500007305. 

(22.) From 723400059968671400871456 take 
300978887679300999537. 

(23.) From 80100010891 1999000560724 take 
207912989900560769. 

(24.) A gentleman has two sons, the age of the elder added 
to his, make 126 years, and the age of the younger son is equal 
to the difference between the age of the father and the elder 
son* Now, if the father be 80 years of age, how old are 
each of his sons ? Ans. 46 years and 34 years. 

Simple iHuItCpIttattom 

Simple Multipucation is the method of finding what 
any given number of one denomination will amount to when 
repeated a certain number of times. 

The number to be multiplied is called the Multiplicand. 
' The number you multiply by is called the Multiplier. 



* hk this and the three following examples, the learner will be able 
to see if his answer is correct Thus, add the resalt obtained to. the 
lower or substractiye number ; the sum, if correct, will be the upper 
nmnbar. 
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aiHFLE UULTtFUGATKUT. 



And th« uunber found, after the work is fioished, ia called 
the Product 

Both th« multiplieT and multiplicand are, al8«>, in general, 
called Terms, or Factors. 

MultipUcaHon, Pence, and ShiUittg Table 




1. Place the multiplier under the multiplicand, so that 

units mav stand under units, tens under tens, &c., snd draw 
a line below them. 



• 1. When the multiplier, in thii rule, is a (ingle digit, it il plain 
that the product will be rightly detenained b; ih« method here giyen ; 
fiir bj multiplfiag erery figure or part of the moltiplicand b; thk digit, 
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2« Begin at the right hand, and multiply every figure in 
the multiplicand hj the unit's figure in the multiplier, setting 
down the whole of such products as are less than ten directly 
under the figures that are multiplied. 

3. But for those that surpass ten, or a number of tens 
write down the excess only; or, if there be no excess, a ci- 
pher, and carry a unit for every ten that was borrowed to 
the product of the next two figures. 

4. Proceed in the same manner with each of the other 
figures of the multiplier, observing to place the first figure of 
every line immediately under the figure multiplied by. 



we in effect multiply the whole ; and writing down the products which 
are less than ten, or the excess of tens, in the place of the figures multi- 
plied, and carrying the number of tens to the product of the next places 
» only collecting the similar parts of the respectire products properly 
together, according to their values ; whence the result so obtained must 
be evidently equal to the whole required product. 

2. If the multiplier be a number consisting of more than one digit ; 
after having found the product of the multiplicand by the first figure of 
the multiplier, as above, we suppose the multiplier to be divided into 
parts, and find, after the same manner, the prcxLuct of the multiplicand 
by the second figure of the multiplier ; but as the figure we are now- 
multiplying by stands in the place of tens, the product will be ten times 
its simple value ; and therefore the first figure of this product must be 
put in the place of tens, or, which is the same thinff, directly under the 
figure we are multiplying by. And by proceeding in this manner, 
separately, with all the figures of the multiplier, it is evident that we 
shall multiply all the parts of the multiplicand by all the parts of the 
multiplier, or the whole of the multiplicand by the whole of the multi- 
plier; whence these several products, being added together, will give the 
whole required product 

To this, the following examples are subjoined, in order to render the 
reason of the rule, and the method of proof above given, as obvious as 
possible. 

(2.) 
1375435 Multiplicand 
4567 Multiplier 



(1.) 
7565 Multiplicand 

5 Multiplier 



. 35 a 

, 300 - 

2500 -> 

85000 « 



37825 



5 

60 

500 

7000 

7565 



X 

X 



5 
5 
5 
5 



9628045 
8252610 
6877175 
5501740 



7 times the multd. 
60 times ditto. 
500 times ditto. 
4000 times ditto. 



6281611645 » 4567 times ditto. 



It inay here, also, he observed, that besides the method of proving the 
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5, Then add all the lines of products together, according 
to the order in which thej stand, and their sum will be the 
answer or whole product required. 

Note. FThen the multiplier does not exceed twelve, the 
product can be written down cu it arises, at one operation. 



EXAMPLES. 



(1.) Mult. 375982 
by 7 

Product 2631874 



(2.) Mult. 789243 
by 12 

Product 9470916 



tmih of the operation, as before giVen, there is another very conyenient 
and easy one, by means of that peculiar property of the number 9, men- 
tioned in Addition ; which is performed thus : 

RUI.E. Cast the nines out oif each of the factors, as in Addition, and 
multiply the two remainders together ; then, if the excess of nines in 
their product be equal to the excess of nines in the total product, the 
work is right. 



4215- 

878- 



EXAIEPLE. 

-3s excess of 9*8 in multiplicand 
- 5 » ditto in the multiplier 




33720 
• 29505 
33720 



3700770 --6s ditto in the product: 

which is eqwd to the excess of 9*s in 3 x 5, or 15, which is 6. 

Demon, of the Rule. — Let 9n + r and 9}t' + K be the two f&ctors to be 
multiplied \ then will their product, or (9n + r) x (9n' + K), be equal to 
9*1111' + 9nV + 9iiV + ly ; and since the first three terms of this are, each, 
an exact number of 9*8, it is eyident that the excess of 9*s in the fourth 
term rr', will be the same as the excess of 9*8 in the whole product ; but 
r and r' are the excess of 9*s in the factors themseWes, and rr* is their 
product ; whence the truth of the rule is obrious. 

This method of proof, which is usually ascribed to Dr. Wallis, is of 
a much earlier date, being giyen by Lucas de Burgo, in his work en- 
titled Summa de Arithmetical &c. printed in folio at Venice, 1494 ; and 
though it is, in many respects, a very convenient rule, there are circum- 
stances in which it may fail. Thus, if two or more figures should be 
transposed in the work, or the value of one figure be too great, and that 
of another as much too little, or if a 9 be set down instead of a 0, or the 
contrary, the excess of nines in these cases will evidently be the same 
as if the work was right 
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METHOD OF PROOF. 

Make the fonner multiplicand the multiplier, and the mul- 
tiplier the multiplicand; and if the product found from this 
operation be the same as before, the work is right. 

EXAMPLE WITH TOE METHOD OF PROOF. 

Mult. 2984 Mult 1342 

by 1342 by 2984 



5968 
11936 
8952 
2984 



5363 
10736 
12078 
2684 



4004528 Prod, or Ans. 4004528 Proof. 



CASE L 

EXAMPLES FOR PRACTICE. 

Multiply 24031042 by 2. 
Multiply 51420034 by 2. 
Multiply 32745675 by 2. 
Multiply 374328756 by 3. 
Multiply 5806342748 by 4. 
Multiply 8435674567 by 5. 
Multiply 2745675464 by 6. 
Multiply 54328432847 by 8. 
Multiply 8643597307 by 9. 
Multiply 796534289 by 11. 
Multiply 900909099 by 12. 
Multiply 732468756 by 15. 
Multiply 947137610 by 18. 



Ans 
Arts 
Ans, 



10810909188 

10987031340 

17048476980 

Ans. 6292362103 

Ans. 7453035496 

Ans. 248718373271 



Multiply 273580961 by 23. 

MulHply 27501976 by 271. 

Multiply 82164973 by 3027. 

Multiply 62473864 by 27356. Ans. 1709035023584 

Multiply thirty-three millions three hundred thousand 
and sixteen, by one hundred and twenty thousand 
and four. Ans. 3996135120064. 

CASE n. 

When there are ciphers at the right of either or bothfactors. 

RULE. 

Multiply the other figures only, and place as many ciphers 
to the right of the product as are in both the factors. 
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And if, instead of being af*the end, they are in any part of 
the multiplier, neglect them as before, observing to place the 
first figure of every product exactly under the figure you are 
multiplying by. 

EXAIIPLES. 

(1.) Mult. 426000 (2.) Mult. 8057069 

by 22000 by 70050 

852 40285345 

852 56399483 



Prod. 9372000000 Prod. 564397683450 

(3.) Multiply 461200 by 72000. Am. 33206400000. 
(4.) Multiply 815036000 by 70300. 

Ans. 57297030800000. 
(5.) Multiply 100000319 by 307000. 

Ans. 30700097933000. 
(6.) Multiply 37450080000 by 200804000. 

Ans. 7520125864320000000. 
(7.) Multiply 507040500 by 4734050. 

Ans. 2400355079025000. 
(8.) Multiply 27156084900000 by 90060573000. 

Ans. 2445692566530647700000000. 

CASE m. 

When the multiplier is the product of two or more numbers, 
each of which does not exceed 12. 

RULE.* 

Multiply the first by one of these numbers, and then the 
product thus arising by the other, and so on for the rest ; and 
the result will be the answer required. 



* The reason of this method is obvious ; for any number multiplied 
by the component parts of another, most give the same product as if it 
were multiplied by that number at once. 

Thus in Example the First, on next page, 5 times the giyen number 
multiplied by 5, make 25 times that number, as plainly as 5 times 5 
make 25. 
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EXAMPLES. 

(1.) Multiply 123456789 by 25, or 5 times 5, which are 
e^oal to 25. 

123456789 

5x5=25 

617283945 
5 



3086419725 the Product 



(2.) Multiply 785432 by 36. Ans. 28275552. 

(3.) Multiply 472849 by 45. Ans. 21278205. 

(4.) Multiply 364111 by 56. Ans. 20390216. 

(5.) Multiply 4612319 by 72, Ans. 332086968. 

(6.) Multiply 7128368 by 96. Ans. 684323328. 

(7.) Multiply 9248374 by 108. Ans. 998824392. 

(8.) Multiply 8749056 by 120. Ans. 1049886720. 

(9.) Multiply 61835720 by 132. Ans. 8162315040. 

(10.) Multiply 123456789 by 1440. Ans. 177777776160. 



Exercising the preceding Cases. 

(1.) Multiply 90929092909091 by 12. Ans, 1091149114909092. 
(2.) Multiply 758267742417 by 144. Ans. 109189114908048. 
(3.) Multiply 706540040670 by 13200. Ans. 9326328536844000. 
(4.) Multiply 560004759670 by 500400. .4n«. 280226381738868000. 
(5.) Multiply 600197560000 by 5079000. 

Ans. 3048403407240000000. 
(6.) Multiply 67432586743285 by 4230564. 

Ans. 285277873903018762740. 
(7.) Multiply 73258674325867 by 8674325. 

Ans. 635469550171726264775. 
(8.) Multiply 30758006732586 by 60032580. 

Ans. 1846482499814507651880. 
<9.) Multiply 67498708600825 by 7432567. 

Ans. 501688674085391784275. 
(10.) Multiply 864325Q6743258 by 234567890. 

Ana. 20274309499608000785620 

Note 1. * To multiply a whole number by a whole number and afraC" 
Hon. — Multiply first by the whole number j then, fbr the fractional part, 
multiply by the numerator, and divide by the denominator : add this 
result to the first product, and the sum wiU be the whole product. 

^M^^— ^.— 111 ■ . 

* The examples from 1 to 22, belonging to the following two notes, 
may be omitted until the young student is acquainted with Case I. 
Simple Diyision (page 22.). 
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(I.) Mnltiply 340235 by 235. 
340235 
23S 



1020705 = product hy 3. 

680470 = product by 20. 

226823^= product by J. 



8052228i=^ii«. 



(2.) Multiply 467324J by 37. 
467324} 
37 



3271268 ^product by 7. 
1401972 ^ product, by SO. 

14} ^product of 37 by J. 






172910021 «=:i4n«. 



(3.) Multiply 68746078 by 73j. 
(4.) Multiply 42004764 by 4^. 
(5.) Multiply 64368943 by 731fr 
(6.) Multiply 76843978J by 243. 
• (7.) Multiply 34276842i by 432. 
(8.) Multiply 468763894 by 325. 



Ans. 5056655959^. 

Aru. 178520247. 

Ans, 47082955943^\. 

Ana, 18673086866|. 

Ans. 14807595960. 

Ans. 1523482672241. 



Note 2. To mtdtipfy two numbers together when both contain fractions.''^ 
Multiply the integral part of each by the denominator of its fraction, 
add in the numerator, then multiply these two sums together, and 
diyide the product by the product of the denominators. 
(9.) Multiply 642345| by 34}. 

642345} 34} 

3 4 



1927037 
139 



139 



17343333 »pro</tic/ by 9. 
25051481 >=^ product i^ ISO. 



Product of denominators « 12)267858143 



2232151 1)1 = ^n«. 



(10.) Multiply 3427031 by 4lJ. 



342703^ 



685407 
124 



411 
3 

124 



2741628 » product by 4. 
8224884 » last product by 30. 



Product ofdenomifuUors « 6)84990468 



14165078 » Ans. 



SIMPLE division; 17 

' (11.) Maitiplj 76894686^ bj 342^. AnM, ^6^36430183^. 

(12.) Maltiply 5676876df by 360|. Ans, 20482169845^^ 

(13.) Multiply 4238047oii by 7604J. Ana, 322476855974. 

(14.) Multiply 98765432J by 548J. Ans, 54156379034^. 

(15.) Multiply 60046874i by 37o|. Am, 22247366909;. 

' (16.) Multiply 546740735ft by 634V4V Am, 34668332705^. 

. To multiply by 5, add a cipher to the multiplicand, and divide by 2, 
because 5 is ^ of 10. 

To multiply by 12}, add two ciphers to the multiplicand, and divide 
by 8, because 12} is | of loa 

• To multiply by 25, add two ciphers to the multiplicand, and divide 
by 4, because 25 is ^ of 100. 

To multiply by 33^ add two ciphers to the multiplicand, and divide 
by 3, because 33^ is } of 100. 

To multiply by 125, add three ciphers to the multiplicand, and divide 
by 8, because 125 is | of 1000. 

To multiply by 250, add three ciphers to the multiplicand, and divide 
by 4, because 250 is j of 1000. 

(17.) Multiply 47687043 by 5, and perform the operation by division. 

Ana. 238435215. 
(18.) Multiply 36746874 by 12}. Ana, 459335925. 

(19.) Multiply 68740632 by 25. Ana, 1718515800. 

(20.) Multiply 63074683 by 33j. Ana, 2102489433\. 

(21.) Multiply 23456789 by 125. Ana, 2932098625. 

(22.) Multiply 56732143 by 250. Ana, 14183035750, 



* 

Simple Division is tlie method of finding how often one 
number is contained in another. ^ 

The number to be divided is called the Dividend. 

The number you divide by is called the Divisor. 

And the number of times the dividend contains the divisor 
is called the Quotient. 

If the dividend contains the divisor any number of times, 
and some part or parts over, those parts are called the Re- 
mainder. 

RULE.* 

1. Draw a small curved line on the right and left of the 
dividend, and write the divisor on the left. 

* According to the rule here given, we resolve the dividend into 
parts, and find by trial the number of times the divisor is contained in 
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2. Find how many times the divisor is contained in as 
many figures of the dividend as are just necessary, and place 
the result on the right for the first figure of the quotient. 



each of them ; whence the only thing that remains to be proved is, that 
the several figures of the quotient, taken as one number, according to 
the order in which they are placed, is the true quotient of the whole 
dividend by the divisor ; which may be shown thus : 

The complete value of the first part of the dividend is, by the nature 
of notation, 10, 100, or 1000, &c times the value it is taken for in the 
operation, according as there are 1,2, 3, &c. figures standing after it ; 
and consequently the true value of the quotient figure, belonging to that 
part of the dividend, is also 10, 100, or 1000, && times its simple value; 
which is likewise the true value of the quotient figure belonging to that 
part of the dividend, as found by the rule ; since there are as many 
figures to be set after it as there are remaining figures in the dividend. 
Hence this first quotient figure, taken in its complete value, from the 
place it stands in, is the true quotient of the divisor for the first part of 
the dividend ; and as the same mode of reasoning is equally applicable 
to every other step of the operation, it is plain that all the rest of the 
figures, taken in order, as they are placed b^ the rule, make one number, 
which is equal to the sum of the true quotient figures of all the several 
parts of the dividend ; and, therefore, this is the true quotient of the 
whole dividend by the divisor. 

Thus, if it were required to divide 8560 by 36, the work, acc6rding 
to the process here pointed out, will stand thus : 

Divisor 36)8560 dividend. 

1st part of the dividend 8500 

36 X 200 = 7200 200 the 1st quotient. 



1st remainder 


1300 


add..* 


60 


2nd part of the dividend 
36 X 30 » 


1360 
1080 


2nd remainder 


280 


add... 





Srd part of the dividend 
36 X 7 = 


280 
252 


X^ast remainder ..tttttf* 


28 







30 the 2nd quotient. 



the 3rd quotient. 



28 237 sum of all the quotients 

Which number, together with the reminder, considered as a part of 
another unit, is the answer. 

To this we may also add the following method of proof, by casting 
out the nines: 

Rule. Cast the nines out of the divisor and quotient, as in additioii, 
and to the product of the two remainders add the remainder, if any, in 
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3. Muldplj the divisor bj this quotient figure; and having 
subtracted the product from that part of the dividend above 
mentioned, bring down the next figure of the dividend to the 
right of the remainder. 

4. Divide the remainder, so increased, by the divisor, as 
befopre, for the second figure of the quotient ; observing if it 
goes times to put a cipher, and bring down another figure 
to the quotient. 

5. Proceed with this result as with the former; and so on, 
till all the figures of the dividend are brought down ; then 
the entire number in the quotient, together with the last re-* 
mainder, if any, will be the answer. 

%♦ When the divisor does not exceed 12, the quotient can 
be written down as it arises, immediately under the dividend. 

yote I. Half the sum of any two numbers, increased by half their 
difference, will give the greater number ; and half their sum diminished 
by half their difference, will give the less number. 

2. The quotient, arising from the division of the sum of two or more 
numbers, is equal to the sum of the quotients arising from the division 
of the parts, separately, by the same divisor. 

the question ; then, if the excess of nines in this result be equal to the 
excess of nines in the dividend, the work is right. 

EXAMPLE. 

76)47380(623 
456 



178 
152 



260 
228 

32 

Here 4 s excess of 9's in 76, and 2sdo. in 623; whence the excess 
in 2 x 4 + 32; or in 40 » 4, which is also the excess in 47380. 

It may here likewise be further observed, that as it is sometimes diffi- 
cult to find how often the divisor may be had in the numbers of the 
several steps of the operation, the best way will be to find how many 
times the first figure of the divisor is contamed in the first, or first two 
figures of the dividend, and the answer, made less by one or two, will 
generally be the figure wanted. Besides, if, after subtracting the product 
of the divisor and quotient figure from the dividend, the remainder should 
be equal to or exceed the divisor, it is plain that the figure so found is 
too small, and must, therefore, be increased by a unit, or more, till the 
remainder is either 0, or less than the divisor. 
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3. Any three ofLthe four following qnantities of a diTisibn sniii, fnz., 
divisor, dividend, quotient, and remainder, being given, the fourth may 
be found by the following formula. Let d — the divisor ; d «= the 
dividend ; 9=: the quotient ; and r =the remainder. Then we shall have 

rf= — ^^ ; D =((f X 5) + r ; g = — ^ ; and r =D— (g X d). 

4. An even number cannot divide, or measure, an odd number, nor 
a greater a less. 

5. A given number is divisible by 2, if the last digit is even : it is 
divisible by 4, if the last two digits are divisible by 4 ; it is divisible by 
8, ^the last three digits are divisible by 8 ; and in general it is divisible 
by 2", if the last n digits are divisible by 2". 

6. A number is divisible by 3, if the sum of the digits is divisible 
by 3 ; such number also may be divided by 6, if^ besides this, the last 
digit is even; it is divisible by 9, if the sum of the digits can be divided 
by 9. The method of proof by casting out the nines, in the preceding 
rules, depends upon this theorem. 

7.. Every number that has the last digit 5 or 0, such number is di- 
visible by 5 in both cases, and by 10 in the latter case. 
. 8. A number is divisible by 11, when the sum of the digits in the 
odd places (counting from the right or unit's place) be equal to the sum 
of the digits in the even places ; or if the difference of these sums be 
divisible by 11, the number itself is divisible by 1 1. 

9. If any two numbers be separately divided by 9 or 3, and the two 
remainders multiplied together, and that product divided by 9 or 3, the 
last remainder will be' the same as if you divided the product of the first 
two numbers by 9 or 3. 

10. If any number ending with 1, 3, 7, or 9, be the numerator or 
denominator of a fraction, and will not divide by 3, 7, or 9, that fraction 
is generally in its lowest terms, for 

Every number must terminate in one Iq. 1.2. 3. 4. 5. 6 7 8 9 

or other of the ten digits - - J 
But no even number can be a prime 7 , . 2.4.6.8 

number ; hence take away - - J 



We have remaining - - - 0.1. .3. 5. 7. 9 
No number terminating in or 5 can ) q^ .... 5 ... . 

be prime - - • - - 3 J_ [ 

Henbe it follows that every prime 1 
number must terminate in one or|-.l« 3...7.9- 
other of these four digits - - J 
But of such numbers none the sum of whose digits is a multiple of 
3 can be prime. Nor any terminating in 1, 3, 7, 9, that is in any power, 
or multiple, of another number. 

11. Every prime number is of one of the forms ; 8n + 1, 8» + 3, 8n + 5, 
8n + 7; 12n+l, I2n + 6, 12n + 7, 12n+ll; 47i + l; 6n+l; 16n+l, 
16n + 3, 16n + 6, 16» + 7; 60n+l, 60n + 7, GOn + U, 60n+13, 60n+17, 
60n + 19, 60n + 23, 60n + 29. 

•. 12. When any prime number (above the number 3) is either increased 
or diminished by unity, the result is always divisible by 6. Thus, take 
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2t 



for eximple,(173 + l)-7-6»174-^6-29, and (5749-l)-r6»5748-^6 
»958. 

13. When any set.of nnmbers are placed in the form of fractions, 
with the lign of addition or subtraction between them, and should the 
whole of Aese numbers that are in the numerator and denominator 
contain a common divisor, they may be abbreriated by dividing each 
of them by the common divisor. 

14. When the numerator is equal to the denominator, the fraction is 
equal to the integer, thu» i—l» 

15. When the numerator is greater than the denominator, the frac- 
tion is greater than the integer, as {~ 1}. 

• 16. u the numerator and denominator of a fhu:tion be either mul- 
tiplied or divided by the same qumber, the product or quotient will 
be a new fraction, equal in value to the former; ihua, !-!-]»], or 
i X )->}}i all of which have the same value, for |s|=]|. 



METHODS OF PROOF. 

Multiply the quotient by the divisor, and add the remainder, if any, 
^o the product ; then if this sum be equal to the dividend, the work is 
right. 

Or thus. 

If yoQ add the remainder, and all the products of the several quotient 
figures by the divbor, together, according to the order in which they 
stand in the work, the sum will be equal to the dividend. 



(1.) 6)823573 


EXAMPL] 

(2.) 8)1134 
1411 

1899 
65 


B8. 

789 
B48i 

(5 

750 
125 
500 
875 
103 


(3.) 12)748277 


137262^ 

(4.) 65)123456 ( 
65 


62356^ 

.) 125)768478(6147 
750 


584 
520 

645 


9495 
11394 
21 


184 
125 

597 
500 

978 

875 

103 


585 

r 

606 
585 

21 


123456 Proof 
5th Example = 


Proof of the 


768478 


= Sunu 
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Am. 189275541^ 

Ans. 11894346|f 

Ans. 14216101^ 

Am, 1302197^ 



Am. 987147(4|| 



Am, 8426357^ 
Am. 3496007||4l 



CASE I. 
EXAMPLES FOB PRACTICE. 

(6.) Divide 37567892 bj 2. 

(7.) Divide 547485764 by 3. 

(8.) Divide 65378376 by 4. 

(9.) Divide 47823565 by 5. 
(10.) Divide 2345678964 by 6. 
(11.) Divide 1234567890 by 7. 
(12.) Divide 9876543210 by 8. 
(13.) Divide 1357975313 by 9. 
(14.) Divide 570196382 by 12. 

15.) Divide 321768430 by 17. 

16.) Divide 321147368 by 27. 

(17.) Divide 137896254 by 97. 

(18.) Divide 140637301 by 108. 

(19.) Divide 3405657254 by 345. 

(20.) Divide 5713070049 by 678. 

(21.) Divide 29383945593 by 8405. 

(22.) Divide 4637064283 by 57606. ^^w. 80496H|4| 

(23.) Divide two hundred and sixty-seven millions and five, 

by twenty-three thousand and seventeen. Arts. 1 1600-^^^^^ 

(24.) Divide two thousand millions, ^ve hundred and 

eighty-four thousand and seventeen, by two hundred and 

nineteen thousand, five hundred and sixty-one. 

(25.) Divide 6754371495671594 by 678957. 

Ans. 9948157977^:)^^^. 
(26.) Divide 15241578750190521 by 123456789. 

Ans. 123456789. 
(27.) Divide 5124985845000455205689 by 569. 

Am. 9007005000000800009m. 

CASE n. 
When ciphers are annexed to the divisor. 

BULE.* 

Cut off the ciphers from the divisor, and the same number 
of figures from the right hand of the dividend ; then divide 

* The reason of this contraction is easy to conceive ; for the catting 
off an equal number of figures from the divisor and dividend is the same 
as dividing each of them by 10, 100, 1000, &c.; and it is evident that 
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ike ^maining figures by each other, as usual, and the quo- 
tient will be the answer in whole numbers. 

And if anj thing remains, after this division, place the 
figures cut off from the dividend to the right hand of it, and 
then set the result over the divisor, for the fractional part. 

EXAMPLES. 

(1.) Divide 46748696 by 20. 

2, 0)4674869,6 

2337484^ qwtient 

(2.) Divide 31086917 by 7100. 

71,00)310869,17(4378^ quotient 
284 

• 268 
213 



556 

497 



599 
568 

31 



(3.) Divide 7380964 by 23000. Ant, 

(4.) Divide 29628754963 by 35000. Aru. 846535|j 

(5.) Divide 1022047821 by 770000. Ans, 1327}2 

(6.) Divide 6641829640 by 678400. Ans. 9790}^]^. 

(7.) Divide 1945638720186 by 1987500. Ans. 97S937\iJ^ 

(8.) Divide 5407002012686400000 by 5760090. il/M. 938700960000. 

CASE m. 

When the divisor is the product of two or more factors, 
each of which does not exceed 12. 

RULE.* 

Divide the dividend by each of the factors separately 
for the required quotient. Multiply each successive re- 

as often as the whole divisor is contained in the whole dividend, so often 
jn^ft any part of the divisor be contained in a like part of the dividend. 
!rbi3 Biethod, therefore, is only introduced to avoid a needless repetition 
OT ciphers, which would happen in the common way, as may be seen by 
■working an example at large. 

' * To explain this rule, it is only necessary to observe, that each 
r^fmainder being expressed relatively to its own divisor only, it must 
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mainder v£tev the first, by all the divisors preceding ito 
own ; the sum of the products, together with the first re-i 
mainder, will be the true remainder required. 

WORKED EXAMPLES. 

(1.) Diyide 810468357939 by 56, or 7x8- Also, divide 
486275971537 by 83160, orU . 9 . 7 . 6 . 5 . 4. 
5g,7^9../ 7)310468357939 

l 8)44352622562.. 5? /, on . e ,« j 

^ /—nni^^n^^^ ^ {^ =(7x2) + 5 = l9 rcBiatiMfcr. 
fcen*=5544077820..2 3 



Quotient 



Again, 
1)486275971537 



83160= 



9) 44206906503 .. 4 , , . = 4 

-* 6)701696928 ..4c«llx9x4 . = 396 

2,0) 1 1694948,8 .. 
QMOftent« = 5847474 ..8=11x9x7x6x8 »:33264 

Remainder —33697 

(2.) Divide 750840623511 by 11340000, or 30000 .6.7.9. 
3,0000^75084062,3511 

6)25028020 .... 23511 ^ = 23511 

7)4171336 .... 4 X 30000 . = 120000 

9)595905 .... 1 30000 x 6 = 180000 

QMO/ien<= 662 1 1 .... 6 x 30000 x 6 x 7 = 7560000 

Remainder =7883511 



(3.) Divide 7014596 by 72. . Ans, 97424fj« 

(4.) Divide 5130652 by 132. Ans. 38868^^. 

(5.) Divide 83016572 by 240. Ans, 345902^^ 

(6.) Divide 9241862172 by 315, or 9.7.5. . Ans, 29339244|j§. 

(7.) Divide 1666444213 by 945, or 9.7.5.3. Ans, 1763433^^. 



be multiplied by all. the preceding divisors to render it the true 
remainder, relatively to the product of its own divisor and all the pre- 
ceding divisors. This multiplication is not required in the first re-t 
mainder, it being already expressed in its proper relation. The ficst 
remainder and subsequent products are changed in denomination, but 
not in magnitude, by the subsequent divisions : and thus the sum of 
these products and the first remainder will be the true remainder 
required. 
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(8«) Dhride 1642807347 bj 6600, or 1 100.6. Ana. 249910^ 

(9.) DiYide 5482961147 by 1344, or 8.8.7.3. Ah8. 4079584#;/,. 

(10.) Divide 764206043241 by 2744, or 8.7.7.7. Ans, 278500744^^. 

(11.) Divide 72146950640 by 96000, or 12000.8. Aru. 751530^. 

(12.) Divide 3332168411071 by 28224000, or 12000.8.7.7.6. 

Atu. 1180611HOT. 

CASE IV. 

To perform division more concisely than hy the rule gene^ 
raUy used. 

BULE. 

Multiply the divisor by the quotient figures as before, and 
subtract each figure of the product from the dividend, as you 
produce it ; always remembering to carry as many units to 
the next figure as were borrowed before. 

EXAMPLES. 

(1.) Divide 3104675846 by 833. 

833)3104675846(3727101iJi the quotient 
6056 
2257 
5915 
848 
1546 
713 



(2.) Divide 47296478 by 83. Ans. 569837^. 

(3.) Divide 27085946 by 216. Ans. 125397^^. 

(4.) Divide 29137062 by 5317. Ans. 5479f|i|. 

(6.) Divide 62015735 by 7803. Ans. 7947^|||. 

(a) Divide 43275628456 by 87346. Ans. 49o450ff||f 

Exercising tJte preceding Caste, 

(I.) Divide 719051047192776115211 by 12. 

Ans. 599209205993980096001^. 
(il) Divide 8890896691492249389482962974987 by 987. 

Ans. 9008000700600050040003002001. 
T^,) Difide 42797882534025500424 by 425. 

""^ ' Ans. 1O070O90OO8O060O0OJ5J. 

,(4;^ IWvide 4500092301078221090166 by 11.11.12. 
=^".'^" y4n«. 3099237121954697720m. 

t9.) Drride 656458931996524171800 by 700489070. 

Ans. 937143718740. 



H\ 
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(6.) The reminder of a dirision sum U 76, the dmdend 5180652, 
and the quotient 38868 ; what is the divisor ? (^See Note 3. page 20.) 

Ans, 132. 

(7.) The following certain quantities of a division sum being given, 
viz, the dividend 7014596, remainder 68, and divisor 72 ; required the 
quotient? (See Note 3. page 20.) Ans. 97424. 

(8.) What number multiplied by 79 will give the same product as 
158 by 87 ? Aru, 174. 

(9.) The divisor, quotient, and remainder of a division sum are 240, 
345902, and 92 ; required the dividend ? (See Note 3. page 20.) 

Ans. 83016572. 

(10.) Required the remainder of a division sum whose dividend, 
quotient, and divisor, are 47296478, 569837, and 83 ? (See Note 3. 
page 20.) Ans. 7. 

Note 17. To divide a whole number by a whole number with a fraction 
joined to it — Multiply the integral part of the divisor by the denomi- 
nator of the fraction, add in the numerator, and note the sum ; then 
multiply the dividend by the denominator of the fraction, and divide 
the product by the sum noted, and we shall have the true quotient 
If the dividend contain a fraction, and not the divisor, then multiply 
both the whole numbers by the denominator of the fraction, taking 
care to add in the numerator of the fraction in the dividend. 



(1.) Divide 999642 by 37^. 
37yV 999642 
11 11 



409)10996062(26885j^ « 
818 


• Ans, 


516)1 1851853(22968ifj=^n«. 
1032 


2816 
2454 




1531 
1032 


3620 
8272 




4998 
4644 


3486 
3272 




3545 
3096 


2142 
2045 




4493 
4128 


97 




365 



(3.) Divide 42306778 by 264f 
Ans. 159993,1!5fj. 

(4.) Divide 32968767 by 125J. 

Ans. 262072^^. 

(5.) Divide 95467348 by 436^ 



Ans. 218710§$;. 



(2.) Divide 987654^5 by 43. 
43 987654^ 
12 12 



(6.) Divide 73800473} by 732. 

Ans. 100820^. 
(7.) Divide 62347674|J by 643. 

Ans. 96963fffi. 
(8.) Divide 387068471*^ by 426. 

Ans. 90861^ 

Note 18. To divide one number by another when both contain fractions 
— Multiply the integral part of each by the denominator of its fraction, 
and add in the numerator ; of these two sums, multiply that belongiug 
to the dividend by the denominator in the divisor, and divide the pro- 
duct by the product of the other sum and denominator in the dividend. 
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^9.) DiTide 9904S6| by 68 f. 

68f 990436} 
7 8 



481 7923491 
8 7 


301 1998841 
2 4 


8848 )55464437(144133iii»:^n«. 
8848 


602 ) 7995364(1 
602 


16984 
15892 


1975 
1806 


15924 
15892 


1693 
1204 


5323 
3848 


4896 
4816 


14757 
11544 


804 
602 


3213 


202 



(llA Divide 63420674J by 421^5. 

Ans, 150464^. 
(12.) Divide 52146763J by I234. 

Ans. 421996}^)^;. 
(13.) Divide 12345678J by 672}. 

Afu. 18355i;SfA. 



(10.) Divide 999420ft by 75^. 

75{ 999420) 
4 2 



(14.) Divide 23674328^ by 3215. 

Aus. 73579jy|. 
(15.) Divide 52146075]) by 241$. 

Ans, 215606J§SfJ. 
(16.) Divide 52704678^% by 234jj»j. 

Ans, 225096A<f^. 



(17.) 
3)468248 
4)156082; 

2)39020} 
5)19510J 
6)3902^ 



Note 19. AU the variations that can take place in dividing a fraction 
hy a whole number, are exhibited in t}^ following example. 

First The first divisor gives 2 over, there- 
fore merely put down the 2 as the numerator, 
and the divisor for the denominator, thus, §. 

Secondly. The second divisor gives 2 over, 
therefore multiply the denominator of the frac- 
tion by what is over (viz. 2), and add in the 
numerator; now, if you can divide this sum 
by the divisor, put the quotient for a new 
numerator, under which write the denominator 
for the true fraction. 

Thirdly. The third divisor gives nothing 
over, in this case the numerator of the fraction 
can be divided by the divisor, and the quotient will be the new nume- 
rator* under which place the denominator for the true fraction. 

JFourthly, The fourth divisor gives nothing over, therefore multiply 
the divisor by the denominator of the fraction for a new denominator, 
orer which place the numerator for the true fraction. 

Fifthly, The fifth divisor gives 2 over, therefore multiply the deno- 
minator of the fraction by what is over (viz. 2), and add in the nume- 
rator for a new numerator, then multiply the divisor by the denominator 
df the fraction for a new denominator ; this will be the true fraction. 

* It should be remembered that the remainder is always of the same 
denomination as the dividend. 

c 2 
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EXAMPLES FOR PBACTICE. 



(1.) DWide 58764791 by 7. 5. 3. 4. & 6. Ans, 23319^ 

(2.) Divide 97068747 by 8. 6. 7. 3. & 5. Aru, 19259|m. 

(3.) Divide 65077677 by 7. 6. 5. 3. & 2. Ans. 51648tt. 

(4.) Divide 98764007 by 9. 7. 5. 3. & 4. Ans. 26128J^ 

(5.) Divide 60694683 by 2. 4. 3. 5. & 6. Ans. 70409««g. 

(6.) Divide 98765432 by 9. 8. 7. 6. 5. 4. 3. k 2. Ans. 272v5^. 

(7.) Divide 32454063 by 7. 9. 5. 11. 3. & 6. Ans. 520«tt. 
(8.) Divide 123456789 by 12. 11. 9. 8. 7. 6. 5. & 4. Ans. 15^ 



Compountr abbtttom 

Compound Addition is the method of collecting several 
numbers of different denominations into one sum. 

KULE.* 

1. Place the numbers so that those of the same denomina- 
tion may stand directly under each other, and draw a line 
below them. 

2. Add up the figures in the lowest denomination, and find 
how many units, or ones, of the next higher denomination 
are contained in their sum. 

3. Set down the remainder, and carry the rest to the next 
denomination, which add up as before, and so on through all the 
denominations to the highest ; then this sum, together with 
the several parts before found, will be the answer required. 

The method of proof is the same as in Simple Addition. 

TABLES of MONET. 

2 Farthings make 1 Halfpenny ^. 

4 Farthings 1 Penny d. 

12 Pence 1 Shilling s. 

20 Shillings 1 Pound L 

^d. = 1 Farthing, ^d. = 2 Farthings, f dL = 3 Farthings. 

* This rule is also evident from "what has been said in Simple Addi- 
tion ; for, in the adding of money, as 1 in the pence is equal to 4 in the 
farthings, 1 in the shillings to 12 in the pence, and 1 in the pounds to 
20 in the shillings, it is plain that carrying as directed is nothing more 
than providing a method of placing the money arising from each 
column properly in the scale of denominations ; and this reasoning will 
hold good in the addition of compound numbers of any denomination 
whatever. 
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Farthings. 

4= 1 Penny. 
48= 12= 1 ShiUing. 
960 = 240 = 20 = 1 Pound. 

N.B. — The present gold coins in circulation in England, 
are the Sovereign, valued at 20*., and the Half-Sovereign 10*. 
The silver coins are the Crown, or 5s, piece ; the Half-Crown 
2s, 6d.; the Shilling I2d.; the Sixpenny piece 6d. ; the Four- 
penny piece 4c?., and the Threepenny piece 3c?. The copper 
coins are the Penny, equal 4 farthings ; the Half-Penny, 2 
farthings ; the Farthing piece, 4 of which make a Penny ; 
and the Half- Farthing, 8 of which make a Penny. 



Imaginary English Coins. 



Gold Coins. 

8. d. 

A. Moidore, value 27 . 

A Jacobus 25 . 

A Carolus 23. 

A Mark 13.4 



8. d. 

An Angel, -falue 10 . 

A Noble 6. 8 

Silver Coins. 

A Tester 0. 6 

A Groat . 4 



The following statement is the full weight of gold and silver coins 
in troy weight : — 



« Gold Coins Old Coinage. 

dwt gr. 

Guinea weighs 5 . 9J§ 

Half-guinea 2 . ICgJ 

Seven-shilling piece... 1 . 19|j 

New Coinage. 

Sovereign 5. 3JJ\ 

Half-sovereign 2 . 13||J 

Double-sovereign 10. 6^ 

Five-sovereign piece 25 . 16§i|| 



Silver Coins. — Old Coinage. 

dwt. gr. 

Crown weighs 19. 8Jf 

Half-crown 9. 16^ 

Shilling 3.20§f 

Sixpence 1 . 22ij 

New Coinage. 

Crown 18. A^ 

Half-crown 9. 2^ 

Shilling 3. 15^^ 

Sixpence 1 . 19-)^ 

Fourpence 1 . 5^ 

Threepence 21ft 



The relative proportion between gold and silver in the English coins, 
according to the mint regulations, both of the old and new coinage. — 
The old coinage is as any weight of gold is to an equal weight of silver 
as 15*2376 to 1. The new coinage is as 14*3124 to 1. 

Note, — Gold coins are allowed by law to pass under the above fiiU 
weight Thus the guinea, weighing 5 dwt. 8 gr. ; the sovereign, 5 dwt 
2} gr. ; and their divisions, in proportion, are a legal tender. 

c 3 
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The standard of gold coin is 22 parts of pure gold, and 2 parts of 
copper, or some other alloy, melted together.* From a pound of 
standard gold are coined 44^ guineas, 89 half-tineas, 133^ seven- 
shilling pieces. Also 46^ sovereigns, with divisions and maltiples in 
proportion. Hence the mint price of gold is 3/. 17«. lO^d per ounce, 
or 46^ 14f. 6d, per pound troy. There is no alteration, either in 
weight or fineness, from former coinages, the sovereign, or 20s, piece, 
being Jf of the weight and value of a guinea.! 

The current silver coin is 11 oz. 2dwt of pure silver, and 18 dwt 
of copper. The new coin is minted at 5«. 6«. per ounce, or 3/. 6«. 
per pound troy : thus, from I lb. troy of this standard are now coined 
13^ crowns, 26f half-crowns, 66 shillings, or 132 sixpences. 

It should be stated that the new silver coin is not a legal tender for 
any sum above 40 shillings, and in the year 1816 gold coins were de- 
clared to be the only legal tender in all payments beyond that sum. 

The copper money is coined in the proportion of 24 pence to the 
pound avoirdupois. Thus the penny should weigh 10§ drams, or 291§ 
troy grains, and the other pieces in proportion. Copper pence, half- 
pence, and farthings, are not a legal tender for more than 12 pence, 
and the half-farthings for not more than the value of sixpence. 





Shillings and Pence 


Tables. 






s. 


/. s. 


d. s. 


d. 


s. 


d. 


20 are 


j1 . 


12 make 1 


20 are 


1 . 


8 


30 


1 . 10 


24 2 


30 


2 . 


6 


40 


2 . 


86 3 


40 


3 . 


4 


50 


2 . 10 


48 4 


50 


4 . 


2 


60 


3 . 


60 5 


60 


5 . 





70 


3 . 10 


72 6 


70 


5 . 


10 


80 


4 . 


84 7 


80 


6 . 


8 


90 


4 . 10 


96 8 


90 


7 . 


6 


100 


5 . 


108 9 


100 


8 . 


4 


110 


5 . 10 


120 10 


110 


9 . 


2 


120 


6 . 


132 11 


120 


10 . 






♦ Any quantity of gold, as a pennyweight, is supposed to be divided 
into twenty-four equal parts called carats. When the whole is pure, it 
is said to be 24 carats fine ; when 23 grains are pure and one is alloy, 
it is said to be 23 carats fine, and so on. Wrought gold is of two 
standards ; the one 22 carats, the same as the coin, and the other 18 
carats fine. The latter commenced in 1798, and is used chiefly in watch 
cases and rings. 

f The guinea varied in its current price fi'om 20 shillings up to SO 
until the year 1717, when, b^ the recommendation of Sir Isaac Newton, 
it was fixed at 21 shillings, its present rate. 
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EXAMPLES OF MONET. 



(1.) /. s. d. (2.) /. *. d. (3.) /. 8. d. 
173 . 13 . 5 705 . 17 . 3^ 12*75 . 12 . 4 



87 . 17 . 7i 
75 . 18 . 7i 
25 . 17 . 8i 
10 . 10 . li 
2. 5. 7 

Sum 376 . 3 . 10 

202 . 10 . 5 

Proof 376. 3.10 



354.17.2J 

175 . 17 . 3i 

87 . 19 . 7| 

52 . 12 . 7| 

27 . 10 . 5| 



1404 . 14 . 


.6^ 


698 . 17 . 


.3 


1404 . 14 . 


.6i 



(4.) I s, 

228 . 14 

327 . 18 

* 579 . 12 



d, (5.) /. s, d, 
6 678 . 13 . 6i 

287 . 



6| 



109 . 18 . 10 
730 . 10 . U 
185 . 14 . 2 



6.2 
438 . 15 . 0^ 
325 . 17 . 2 
840 .12.9^ 
426 . 17 . 8i 



Sum 



(7.) /. s. d. (8.) I 

567 



368 . 10 . 3 

257 . 10 . 5 

88. 11 .4^ 

33 . 10 . 

12 . 13 . 5 

8 . 8.8^ 



8.9 

259 . 16 . 8J 

287 . 16 . 74 

87 . 15 . 4 

25 . 16 . 8 

24 . 10 . 2 



Sum 



Proof 



700 . 10 . \{ 
25 . 13 . 



5 




(6.) /. 
678 



17 
18 



5 



87. 


10 


123. 


8 


47. 


16 


307. 


2 



d. (9.) /. s, 
1728 . 10 
457 . 10 



328 . 19 
478 . 12 



8 



0. 


17. 





2009. 


9. 


10 


733. 


17. 


6 


2009. 


9. 


10 



d. 
10 

9-2 

8 

9 



187 . 16 . lOj 



d. 

6 
9? 



238 . 14 . 10 
50 . 10 . 6i 
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(10.) A. owes B. for bread 9/. 6s, 3^. ; for cheese, 4/. 3*. 
for tea, 10/. 9^. 5d. ; for butter, 3/. 0*. 2^d. ; for sugar, 
125/. 05. 2^. ; and for other articles, 26/. 13*. 6J</. What 
is the amount of the whole debt ? Am. 178/. 12*. S^d. 

EXAMPLES OF WEIGHTS AND MEASURES. 



j¥ 



24 Grains (gr.) make 1 Pennjrweight dwt 

20 Pennyweights 1 Ounce oz. 

12 Ounces 1 Pound lb. 

100 lbs.=l Hundred Weight, and 2000 lbs. =1 Ton. 

Grains. 

24= 1 Pennyweight. 
480= 20= 1 Ounce. 
5760=240=12=1 Pound. 

According to an Act of Parliament passed the 13^A of 
August, 1834, the only articles that are allowed to be sold by 
Troy Weight are Gold, Silver, Platina, Diamonds^ or other 
Precious Stones^ and Drugs when sold by retail. \ 

ASSAY WEIGHTS. 
GcM. Silver. 

4 Grains make 1 Carat 20 dwts. make 1 oz. 

24 Carats 1 Pound 12 oz 1 lb. 

But the carat used in weighing diamonds is nearly equal to 3^ grains, 
for an ounce troy is equal to 151 j carats. 







EXAMPLES. 




fl.) 


lb. 


OZ, dwt gr. 


(2.) U>. 


oz. dwt. gr. 


Add 


14. 


6 . 12 . 13 


Add 10 . 


8.11 . 17 




17. 


5 . 3 . 12 


42. 


5 . 16 . 12 




15. 


. 9 . 16 


12. 


2 . 14 . 18 




2. 


7 . 15 . 20 


51 . 


6. 0.22 




13. 


2 . 10 . 19 


24. 


9 . 17 . 17 




4. 


1 . 5 . 21 


29. 
Sum 171 . 


4 . 18 . 22 


Sum 


66. 


11 . 18. 5 


2. 0. 12 











* Imperial Troy Weight. — Standard : One cubic inch of distilled 
water, at 62° Fahrenheit's thermometer, the barometer being 30 inches, 
weighs 252*458 grains troy. 

f The original of all weights, used in England, was a grain of wheat. 
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(3.) lb. 

Add 100 . 


02. dwt, 

10 . Iv^ . 


20 


(4.) lb. 

Add 71 . 


02, dwt, 
6 . 13 . 


9^' 
14 


32 . 


6.0. 


5 


91 . 


11.9. 


12 


80 . 


3.2. 


1 


30 . 


6.6. 


13 


7 . 


0.0. 


9 


94 . 


7.3. 


18 


. 


11 . 19 . 


23 


42 . 


10 . 15 . 


20 


. 


0.8. 


9 


31 . 


0.0. 


21 


Sum 221 . 


8 . 10 . 


19 


Sum 362 . 


6 . 10 . 


2 


(5.) lb. 

Add 49 . 


oz. dwt, 
8.7. 


9^' 
10 


(6.) lb. 
Add 27 . 


02. dwt. 

10 . 17 . 


18 


56 . 


3 . 13 . 


23 


117 . 


9 . 12 . 


14 


99 . 


11 . 19 . 


1 


133 . 


6 . 13 . 


15 


29 . 


9.9. 





240 . 


11 . 13 . 


15 


30 . 


10 . 3 . 


2 


330 . 


. 19 . 


8 


10 . 


. 18 . 


20 


220 . 


0.0. 


23 





(7.) What is the sum of 48 lb. 1 1 oz. 18 dwt. 21 gr. ; 42 lb. 
lOoz. 14 dwt. ; 40 lb. 9 oz. 16 dwt. 20 gr. ; 36 lb. 8 oz. 15 dwt. 
22 gr. ; 38 lb. 10 oz. 10 dwt. ; and 53 lb. 17 dwt. 13 gr. ?♦ 



AVOZ&BirVOZB 'UmZOBT. t 

16 Drams (dr.) make 1 Ounce oz. 

16 Ounces 1 Pound lb. 

14 Pounds 1 Stone % st. 

28 Pounds, or 2 Stones 1 Quarter gr. 

^ ^oTnT/^r ^'^°'''} - 1 Hundred Weight cwt. 

20 Hundred Weight 1 Ton ton. 



taken out of the middle of the ear, and well dried, 32 of -which were to 
be considered as a pennyweight. Goldsmiths and jewellers have a par- 
ticular class of weights for gold and precious stones, viz. the carat and 
grain, and for silver the pennyweight and grain. 

* For the answers to these and the other questions, see the Key. 
t Note. 1 pound Avoirdupois is= 7000 grains Troy = 14 oz. 11 dwt. 
16 grs. Troy, and I lb. Troy i8=5760 grains= 12 oz. Troy. Hence, the 

c 5 
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A fother of lead is 19^cwt. in London, but in the North it 
is 21 cwt., in some places 20 cwt., and in others 22 cwt. 

Grains. 

27U^ 1 Dram. 

437|= 16= 1 Ounce. 
7000 = 256= 16= 1 Pound. 
196000^ 7168= 448= 28= 1 Quarter. 
784000= 28672= 1792= 112= 4= I Hund. Wt. 
15680000=573440=35840=2240=80=20=1 Ton. 

Avoirdupois weight is the only weight that can be legally 
used in this kingdom for weighing all things of a coarse or 
drossy nature, as grocery wares, butter, cheese, meat, bread, 
corn, &c., and all metals, except gold and silver. 



Troy pound is to the Avoirdupois pound in the ratio of 5760 grs. to 
7000 grs., or of 144 to 175 ; and the Troy ounce is to the Avoir- 
dupois ounce in the ratio of 480 grs. Troy to 437^ grs. Troy, or of 192 
to 175. 

It is likewise to be remarked, that 56 lb. of old hay, 60 lb. of new, or 
361b. of straw, make 1 truss, and 36 trusses make a load of hay or straw. 

^ Observe, although it is enacted by the 4 & 5 WilL 4. c. 49. sec. 12., 
that the stone shall consist of 14 lbs., and that all contracts made by any 
other stone shall be null and void ; yet it is the established custom in 
London, notwithstanding the law, to buy and sell meat, especially in 
the wholesale market, at d lbs. to the stone. 

OTHEB WEIGHTS USUALLY DENOMINATED BT MEASURES. 

lb, OZ, 

A peck loaf of bread weighs 17. 6 

A half ditto 8 . 11 

A quarter ditto 4. 5J 

A peck of flour is 1 stone 14 . 

A bushel of ditto is 4 stone 56 . 

A sack, or 5 bushels of ditto is 20 stone 280 . 

A firkin of butter 56. 

Although we speak of flour and bread, especially in London, as if 
they were sold by measure, they are in reality, and can, legally, only 
be sold by weight ; the quartern loaf, as it is called when baked 
and sold to the public, shoiUd weigh 4 lbs. 
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EXAMPLES. 

(l.)7'. cwt qr. lb.(2.)Cwt. qr, lb, 02. (3.) Qr. lb, oz, 

42 . 14 . 2 . 20 20 . 3 . 27 . 15 15 . 9 . 13 

59 . 12 . 1 . 14 12 . . . 6 17 . 14 . 9 

76 . 13 . 3 . 22 10 . 1 . 3 . 9 24 . 13 . 7 

47 . 17 . 1 . 17 6.2.8.4 19 . 10 . 11 

36 . 10 . 2 . 9 4 . 2 . 20 . 13 16 . 8 . 13 

49 . 9 . 1 . 16 27 . . 21 . 2 10 . 13 . 6 

57 . 14 . 2 . 11 8.1.2.0 12 . 4 . 14 

3 . 4 . 3 . 24 . 2 . 13 . 12 21 . 20 . 10 



373 . 17 . 3 . 21 90 . 2 . 13 . 13 137 . 12 . 3 

(4.) Qr. lb. 02, dr,{5,)Cwt, qr, lb. 02. (6) Qr. lb. oz, 

1 . 25 . 14 . 9 12 . 1 . 10 . 10 19 . 7 . 12 

2 . 20 . 1 . 15 8.2.6.0 17 . 9 . 8 
3.6.7.3 19 . 3 . 15 . 5 14 . 26 . 5 

. 18 . 12 . 11 7 . . 20 . 14 13 . 20 . 13 

2 . 27 . 3 . 2 11 . 1 . 27 . 11 15 . 17 . 9 

1 . 19 . 8 . 1 5 . 2 . 19 . 7 18 . 12 . 11 

3 . . 15 . 5 13 . 1 . 18 . 9 19 . 16 . 3 

2 . . . 13 7 . . 5 . 10 21 . 15 . 14 



(7.)Qr. lb. 


oz. 


dr. (8.) Cwt 


gr- 


lb. 


02. (9.) Qr, lb. 


oz. 


3 . 25 . 


10 . 


8 


51 . 


3 . 


19 . 





48 . 20 . 


13 


2.5. 


3 . 


11 


17 . 


. 


26 . 


15 


17 . 12 . 


9 


1.2. 


14 . 





18 , 


1 . 


12 . 


8 


16 . 14 . 


7 


. 26 . 


12 . 


15 


12 . 


2 . 


. 


14 


20 . 19 . 


8 


1.0. 


5 . 


1 


14 . 


1 . 


. 


10 


23 . 2 . 


14 


2.4. 


6 . 


7 


13 . 


2 . 


. 


13 


21 . 1 . 


10 


1.9. 


8 . 


7 


10 . 


1 . 


20 . 


12 


14 . 17 . 





7.0. 


5 . 


6 


18 . 


1 . 


2 . 


9 


10 . 17 . 


12 



(10.) A shopkeeper bought 3 qrs. 14 lb. of teas ; 1 qr. 23 lb. 
of coffee ; 3 c\^. 2 qrs. 5 lb. of sugars ; 2 qrs. 3 lb. 1 3 oz. 9 dr. 
of spices; 13 cwt. 1 qr. 24 lb. of hops, and other articles 
weighing 3 cwt. 17 lb. 7 oz. 13 dr. What is the weight of the 
whole ? 

c 6 
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20 Grains (gr,) make 1 Scruple sc. or 3J»* 

3 Scruples 1 Dramf dr, or 5j. 

8 Drams 1 Ounce oz, or |j. 

12 Ounces 1 Pound lb, or lb. j. 

Grams. 

20= 1 Scruple. 

60= 3= 1 Dram. 
480= 24= 8= 1 Ounce. 
5760=288=96=12=1 Pound. 

The standard for this weight is the same as that of Troy- 
weight, but with different divisions, the ounce being divided 
into 8 drams or 24 scruples.. Medicines are compounded 
by this weight ; but drugs are usually bought and sold by 
avoirdupois weight. 







EXAMPLES. 








(1.) lb, 

24. 


oz, dr, 8C, 

7.2. 1 


(2.) 


Oz, dr. 8c. 

11.2. 1 . 


gr, 
17 


(3.) 


Dr. «c. gr, 

3.2. 15 


17. 


11 .7.2 




7.4.2. 


14 




0. 1 . 13 


36. 


6.5.0 




4.0.1. 


19 




2.2. 11 


15. 


9.7. 1 




2.5.2. 


11 




7 . . 17 


9. 


3.4. 1 




10 . 1 . 2 . 


16 




5.2. 14 


16. 


10 . 3 . 2 




8.7.1. 


13 




6.1.0 


4. 


0.1.1 


(5.) 


9.0.0. 


11 


(6.) 


0.0. 19 


125- 


1 .7.2 


53 . 7 . 2 . 


1 


27.0. 9 


(4.) lb, 

17. 


oz, dr, se, 

6.5.2 


Oz. dr, ac. 
8.5.1. 


gr, 
8 


Dr. sc. gr. 

7 . 1 . 17 


33. 


9.1.0 




7.6.2. 


13 




4.0. 3 


20. 


8.7.1 




11 .7.0. 







. 2 . 10 


86. 


11 .3.2 




10 . . . 


16 




4. 1 . 12^ 


90. 


4.0.0 


• 


1.2.2. 


3 




6.0. 


32. 


10 . 6 . 2 




0.7. 1 . 


19 




7 . 2 . 19 























* Physicians chiefly make use of the latter characters, in the above 
table, in writing their prescriptions. 

f Dram, which is sometimes written drachm, is a contraction from 
drachma. 
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(7.) An Apotliecarj made a composition of five ingredients; 
the first weighed 3 lb. 7 oz. ; the second, 1 oz. 7 dr. 13 gr. ; 
the third, 7 lb. 2 sc. ; the fourth, 11 lb. 3 dr. 1 sc. ; and the 
fifth, 5 lb. 5 oz. 2 dr. 1 sc. 7 gr. What was the weight of 
the whole ? 

WOOZi "WSZOBT.* 

7 Pounds {lb), make 1 Clove cL 

14 Pounds, or 2 Cloves 1 Stone st, 

28 Pounds, or 2 Stone 1 Tod td. 

Si Tods 1 Wej wi/. 

2 Weys, or 364 lbs. 1 Sack sa. 

12 Sacks, or 4368 lbs. 1 Last la. 

And a Pack of wool is 12 score, or 240 pounds. 

Pounds. 

7= 1 Clove. 
14= 2= 1 Stone. 
28= 4= 2= 1 Tod. 
182= 26= 13= 6^= 1 Wej. 
364= 52= 26= 13 = 2= 1 Sack. 
4368=624=312=156 =24=12=1 Last. 

EXAMPLES. 

(1.) La, sa, wy, td, (2.) Wy. td. at. cl. (3.) St. cl. lb, 

21 . 9. 1 .5 11 .4. 1 . 1 20. 1 . 6 

18 . 7 . . 4 0.2.0.1 13 . (^2 

9.10.1.6 21.6.1.1 15.0*<^5 

7.11. 1.3 0.5.0.0 10. 1.6 

8.1.0.2 0.4.1.1 7.0.3 



66.5.0.0^ 35.3^.1.0 67.1.1 



■x:- 



• The stone formerly varied in weight in different counties. In 
Gloucestershire it was 15 lb., and in Herefordshire only 12 lb. 

The same may also be said with respect to a stone of meat, which, in 
London, is 8 lb., but in the northern counties, and some other parts of 
the kingdom, 16 lb. ; though 141b. is the only legal standard. 
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(4) 


La. 8a. wy. td. 
29 . 8.1.4 


(5.) Wy. td. St. cL 
20 . 2 . 1 . 1 


(6.) 


St. cl. lb, 
15 . 1 . 4 




19. 7.1.6 




13.4.0. 1 




16 . . 3 




8 . 6.0.5 




17. 5. 1 .0 




19 . . 2 




. 10 . 1 . 3 




9.3.1.1 




10 . 1 . 1 




0. 0.0.6 




4.6.1.0 




8.0.4 




84 . 9.1.2 




3.0.1.1 




7.1.2 


(7.) 


Sa, wy. td. st. 

45 . 1 . 3 . 1 


(8.) 


La. wy. td, st. 

16. 5.4.1 


(9.) 


Sa. wy. lb. 
14 . I . 4 




17.0.6.0 




14 . 3.2.1 




13 .0.5 




28 . 1 . . 1 




19. 9.5.0 




10 . 1 . 3 




13 . . 5 . 1 




17. 2.1.1 




7.0.4 




9.1.4.1 




6. 8.6.1 




8.0.3 




5.0.3.1 




4. 7.3.1 




6.1.0 




2.1.0.1 




4.12.4.0 




5.0.3 











XOITG MBASURB, OR MSASURSB OF ABITOTB. 

3 Barley-corns (6. c.)* make 1 Inch in, 

12 Inches 1 Foot ft. 

3 Feet, or 36 inches 1 Yard ^cL 

6 Feet, or 2 yards 1 Fathom fth. 

5^ Yards =1 Perch or 1 Pole or Rod po, 

40 Poles 1 Furlong fur. 

8 Furlongs, or 1760 yards 1 Mile mi. 

3 Miles 1 League lea. 

60 Geographical miles, or 
69^ British miles 

Obs. Among mechanics the inch is usually divided into eighths. By 
the officers of the revenue, and by scientific persons, it is divided into 
tenths, hundredths f &c Formerly it was made to consist of 12 parts 
called lines. 



\ 1 Degree deg. or 



♦ The length of 3 barley-corns was formerly reckoned an inch, but a 
barley-corn being no exact standard of measure, it was determined by 
an act of parliament, passed June 17th, 1824, that the standard for the 
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Bar. 

3= 1 Inch. 
36= 12= 1 Foot. 
108= 36= 3 = 1 Yard. 
594= 198= 16^= 5^= 1 Pole. 
23760= 7920= 660 = 220 = 40=1 Furlong. 
190080=63360=5280 =1760 =320=8 = 1 Mile. 





e: 


L/LMFLES. 






(1.) Mi. fur. po.yda, 

72.7.38.2 


(2.) 


Po. yds. ft. in. 
20.4.2.11 


(3.) 


Yds. ft in. 
19.2. 9 


51 . 5 .20. 3 




10 . 1 . 1 . 8 




17.0. 5 


20 . 4 . 39 . 5 




13. 2.0. 7 




18. 1 . 7 


12.0. 6.4 




31 .0. 1 .10 




12.0. 1 


21 . 2 . 0.1 




12.5.2. 




24 . 1 . 10 


32 . 1 . 5.3 


(5.) 


5.3.1. 6 


(6.: 


20.2.11 


210.5.31 .1^ 


94 . 1^. 1 . 6 


113.0. 7 


(4.) Mi. fur, po. yds, 

37 . 3 . 14 . 2 


Lea. mi. fur. po, 

13. 1 . 7.10 


) Mi. fur. po. 

13 .7.30 


28 . 4 . 17 . 3 




40 . 2 . 6 . 30 




15 . . 19 


17.4. 4.3 




15. 1 .0.12 




17 . 1 . 10 


10 . 5 . 6.3 




29 . . 7 . 29 




19 . 2 . 15 


^%7 , £i • £i % ^ 




64 . 1 . . 17 




14 . 1 . 16 


30.0. 0.4 




98 . 2 . 5 . 




20 . 5 . 8 















measure of length shall be the imperial standard yard of 36 inches, 
when compared with the length of the pendulum vibrating seconds of 
mean time in the latitude of London, in a vacuum, at the level of the 
gea, being in the proportion of 36 to 39*1393 inches. 

The standard yard, formerly preserved at the House of Commons, 
was destroyed by the fire which consumed the two houses of parliament 
in 1834 ; so that the country is now without a legal standard of mea- 
sure, except the one constructed for the Royal Astronomical Society of 
London. 

It may also be observed, in addition to the measures given above, 
that a Jaandf which is used in estimating the height of horses, is 4 
inches. 
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COMPOUND ADDITION. 



(7.) Po. yds* ft in. 


(8.) 


Mi. fur, po, yds. 


(9.) 


Fur, po, yds. 


35.4.2.11 




56 . 7 . 19 . 4 




28 . 3 . 2 


12 . 2 . 1 . 8 




13. 3.36.5 




29 . 5 . 3 


16.5.2. 




81 .0.10.2 




20 . 7 . 


24 . . 1 . 9 




91 . 6 . 25 . 




13.5. 4 


38 . 3 . 2 . 10 




70 . 4 . 13 . 3 




22 . 7 . 


0.0. 1 . 6 




60 . . 38 . 2 




20 . 1 . r 









(10.) From A. to B. is 3 mi. 2 fur. 7 p. ; from B. to C 17 mi. 
13 p. ; from C. to D. 7 fur. 10 p. 5 yds. ; and from D. to E. 5 mi. 
33 p. 1 yd. 7 in. What is the distance from A. to E. ? 



2\ Inches 
4 Nails 

3 Quarters 

4 Quarters 

5 Quarters 

6 Quarters 

Inches. 



make 1 Nail nl. 

1 Quarter of a Yard qr. 



1 Flemish EU* 
1 Yard 
1 English Ell 
1 French Ell* 



yd, 
en. 



2i= 1 Nail. 

9 = 4=1 Quarter. 
36 =16=4=1 Yard. 
27 =12=3=1 Flem.EU. 
45 =20=5 = 1 Eng.EU. 
54 =24=6=1 French Ell. 



^ 




EXAMPLES. 






(1.) Fl,e, qrs, nl, in. 


(2.) 


Yds, qrs, rd, in. 


(3.) 


En, e, qrs, nl, in. 


65 . 1 . 3 . 1 




20 . 3 . 1 . 1 




97 . 2 . 2 . 1 


26 . 2 . 1 . 2 




38 . 2 . . 1 




58 . 1 . 3 . 2 


24 . . 1 . 




28 . 2 . . 2 




20 . 4 . 2 . 1 


82 . 2 . 3 . 1 




45 . 1 . 3 . 1 




9.3.0.2 


33 . . 3 . 




63 . . 2 . 




0.4.3.1 


7.1.2.1 




8.2.1.2 




0.2.2.2 


240 . . 3 . 0^ 


205 . . 2 . OJ 


188 . . . 







* Flemish and French ells are now seldom used, nor is the English 
ell, except nominally in measures of width. 
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(4.) Fr, e. qr», nL (5.) Yds, qrs, nL in, (6.) En, e. qrs, nl. 

126 . 4 . 2 85 . 2 . 3 . 1 950 . 3 . 3 

233 . 5 . 3 92 . 3 . 2 . 2 837 . 4 . 2 

87 . 1 . 2 86 . 1 . 1 . 903 . 2 . 1 

32 . 3 . 1 7.0.2.1 250 . 1 . 

25 . 2 . 0.3.1.2 501 . . 3 

16. 0.2 0.0.2.1 69. 3. 2 



(7.) A merchant bought four parcels of cloth; the first 
contained 400 English ells, 1 qr. 3 nls. ; the second, 976 Eng. 
ells, 3 qrs. ; the third, 765 Eng. ells, 2 qrs. 1 nl. ; the fourth, 
43 Eng. ells^ 2 qrs. How many ells^ &c. were there in the 
whole ? 



BQUASB KBASUXB, OR KBASUSSS OF SOTtFACS. 

144 Square Inches make 1 Square Foot sq,ft 

9 Square Feet 1 Square Yard sq. yd, 

30J Square Yards 1 Square Pole sq, po. 

40 Square Poles 1 Rood sq, rd, 

4 Roods, or 4840 Sq. Yards 1 Acre ac, 

640 Acres 1 Square Mile sq, mi. 

Also 100 square feet, among carpenters and other work- 
men, make a square of flooring, roofing, &c. 

Sq. Inches. 

144= 1 Sq. Foot. 
1296= 9 = 1 Sq. Yard. 
39204= 272J= 30^= 1 Sq. Pole. 
1568160=10890 =1210 = 40=1 Rood. 
6272640=43560 =4840 =160=4=1 Acre. 

By this measure, land, and all husbandmen*s and gar- 
deners' work are measured ; also all kinds of artificers' work. 



* Land is usually measured by a chain, called, after its inventor, 
GuNTER*8 chain ; which is 4 poles, or 22 yards, or 66 feet long, and 
consists of 100 links, each of which is 7*92 inches. Also 10 square 
chains, that is 10 chains in length and one in breadth, make an acre. 
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as boards, glass, pavements, plastering, wainscotting, tiling, 
flooring, and all dimensions of length and breadth only. 





EXAMPLES. 




(1.) Rd. po. yds. ft 

3 . 38 . 26 . 7 


(2.) Acr, rd. po. 
382 . 1 . 34 


(3.) Aer, rd, po. 
721 . 2 . 15 


2.15 . 13.5 


618.3. 14 


94 . 3 . 32 


1 . 2. 6.2 


100 . 1 . 27 


36 . 2 . 29 


0. 1.9.4 


74 . 2 . 19 


59 . 3 . 28 


2. 0. 0.3 


63 . 1 . 31 


265 . . 17 


3 . 20 . 30 . 8 


55 . 3 . 38 


27 . . 30 


12.38.26^.2 


1295.3. 3 


1205 . 1 . 31 


(4.) Bd, po, yds, ft. 
2. 1 .28.6 


(5.) Acr, rd, po. 

409 . 1 . 36 


(6.) Acr. rd. po. 

4061 . . 24 


3 . 30 . 10 . 7 


81 . 3 . 20 


2731 .2.3 


1 . 38 . 30 . 3 


94 . 2 . 10 


841 . 3 . 19 


0. 18 . 0.2 


8.0. 17 


96 . 2 . 39 


1 . 0.12.0 


. 3 . 39 


85 . . 10 


1 . 20 . 13 . 3 


. 3 . 25 


40 . 1 . 









(7.) A surveyor, having measured four pieces of land, found 
one to contain 7 acres, 3 roods, 24 poles; another, 18 acres, 
1 rood, 16 poles; the third, 20 acres, 5 poles, 8 yards; and 
the fourth, 15 acres, 24 yards, 7 feet. How many acres, &c. 
were surveyed ? 

BKBASURSS OF BOXiZBZT'r AWB CAPACZTT. 

CUBIC OB SOLID MEASUEE. 

1728 Cubic Inches make 1 Cubic Foot. 

27 Cubic Feet 1 Cubic Yard. 

40 Feet of rough timber 1 , y , rr.^ 

50 Feet of hewn or squared do. J ^ ^^*^ ^^ ■^^°- 

42 Cubic Feet 1 Ton of shipping. 
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By this measure, stone, timber, and all works that have 
lengthy breadth, and thickness, are measared. 







EXAMPLES. 






(1.) Yd, ft 


in. 


(2.) Yd, ft in. 


(3.) Yd. ft 


tfi. 


27 . 19 . 


72 


247 . 19 . 120 


49 . 17 . 


12 


23 . 21 . 


5 


495 . 18 . 560 


39 . 16 . 


7 


40. 9. 


18 


140 . 22 . 60 


84 . 19 . 


27 


26 . 20 . 


90 


790 . 16 . 108 


46 . 13 . 


12 


108 . 26 . 


4 


401 . 7 ; 25 


51 . 20 . 


48 



227 . 14 . 189 



2076 . 1 . 873 



272 . 4 . 106 



(4.)ya. ft 


in. 


(5.) Yd. ft 


in. 


(6.) 


Yd. ft. 


in. 


729 . 13 . 


107 


706 . 22 . 


19 




56 . 13 . 


9 


904 . 17 . 


24 


437 . 16 . 


8 




49 . 19 . 


19 


381 . 12 . 


11 


539 . 18 . 


29 




57 . 17 . 


18 


209 . 18 . 


17 


406. 17. 


20 




28. 18. 


13 


195 . 20 . 


21 


407 . 17 . 


38 




56 . 10 . 


10 


206 . 17 . 


10 


591 . 17 . 


91 




19 . 19 . 


9 



4 Gills make 

2 Pints 
4 Quarts 
42 Gallons 
84 Gals, or 2 Tierces 
63 Gallons 
126 Gals, or 2 Hhds. 
252 Gals, or 2 Pipes 



1 Pint pt 

1 Quart qt, 

1 Gallon gal. 

I Tierce tier. 

1 Puncheon pun. 

1 Hogshead hhd. 
1 Pipe or Butt/>{. 

1 Tun tn. 



* Besides these measares there are some others, as an anker, chiefly 
used for brandy, which contains from 9 to 10 gallons; and a rundlet, 
that holds from 18 to 20 gallons. 

It may be observed, from the merchants' wine measures, that a pipe 
of different sorts of vine does not always consist of the same quantity. 
Thus a pipe of Port is 1 1 5 gallons, a pipe or rather a butt of sherry is 
108 gallons, a pipe of Madeira or Cape is 92 gallons. 
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The Wine Merchants' Measures are as follows : but 
it is the practice to gauge all such vessels, and charge them, 
as well as the duty, according to their actual contents. 
115 Gallons make 1 Pipe of Port. 

108 Gallons 1 Butt of Sherry. 

117 Gallons 1 Pipe of Lisbon. 

105 Gallons 1 Pipe of Malaga. 

100 Gallons 1 Pipe of Teneriffe or Vidonia. 

92 Gallons 1 Pipe of Madeira. 

92 Gallons — 1 Pipe of Cape. 

46 Gallons 1 Hhd. of Claret. 

30 Gallons 1 Aum of Hock. 

Pints. 

2= . 1 Quart. 
8= 4= 1 Gallon. 
336= 168= 42=1 Tierce. 
504= 252= 63=1^=1 Hogshead. 
672= 336= 84=2 =1^=1 Puncheon. 
1008= 504=126=3 =2 =H=1 Pipe, 
2016=1008=252=6 =4 =3 =2=1 Tun. 

By this measure all kinds of spirits, as well as cider, mead, vinegar, 
oil, honey, &c. are measured. 

Note. — The imperial gallon, with its divisions, is the only legal 
standard measure of capacity for wine, ale, beer, spirits, and all sorts of 
liquids, as well as all dri/ goods. 

According tothe^c^, the imperial standard gallon contains 10 lbs. avoir- 
dupois of distilled water, and its cubic content equals 277*273843570, or 
nearly 277i cubic inches. The old wine gallon, which is now abolished, 
contained 231 cubic inches, and the old ale or beer gallon 282 cubic 
inches. Therefore, 5 gallons by the new or imperial measure are 
nearly equal to 6 gallons of the old wine measure, and 60 gallons impe- 
rial measure are nearly equal to 59 gallons of the old beer measure. 





EXAMPLES. 




(l.)Pi.hhd.gaL qt. 


(2.) Hhd. gal qt, pt. 


(3.) Hhd, gal. qt. 


1 . 1 . 27 . 3 


64.22.2. I 


27 . 14 . 2 


. 1 . 60 . 1 


21 . 17 . 3 . 1 


47 . 13 . 1 


1 . . 34 . 


73 . 61 . 2 . 1 


25 . 17 . 


. 1 . 37 . 2 


63 . 45 . 1 . 1 


16 . 13 . 3 


1 . 1 . 52 . 1 


40 . 20 . 3 . 1 


17. 7.2 


1 . . 48 . 


27 . 16 . 2 . 


18 . 5.1 


1 . . 42 . 2 


94 . 50 . 3 . 1 


27. 0.0 


9 . . 50 . 1 


385 . 46 . 3 . 


178 . 8.1 
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(4.) Tun. pi, hhd. gal 
83 . 1 . 1 . 62 


(5.) 


Tun. pun. tier. goL 
61 . 2 . 1 . 40 


(6.) Hhd. gal qt. 

48 . 16 . 3 


32 . . . 12 




53 . 1 . . 39 


59 . 17 . 1 


80 . 1 . 1 . 40 




48 . 2 . 1 . 13 


28 . 14 . 


91 . 1 . . 20 




32 . . . 10 


50 . 50 . 3 


53 . 1 . 1 . 55 




25 . 1 . 1 . 9 


46 . 19 . 


42 . 1 . . 




17 . 2 . . 41 


23. 2.2 


9 . . 1 . 10 

• 




8.1.1. 


14. 1.1 


(7.) Tun, pun, tier. goL 
56 . 2 . . 41 


(S,) Hhd. gal. qt, pL 

53 . 12 . 2 . 1 


(9.) Gal. qt. pt. 
49 . 3.1 


32 . 1 . 1 . 16 




91 . 61 . 3 . 1 


57. 0.0 


48 . 2 . 1 . 10 




81 . 0.2.1 


69 . 2.1 


25 . . . 38 




90 . 15 . . 


43 . 1.1 


10 . 2 . 1 . 19 




8. 6.2.1 


57 . 0.1 


8.0.1. 




. 57 . 1 . 


41 . 0.0 


. 2 . . 40 




0. 0.3.1 


37 . 1.0 



2 Pints 
4 Quarts 

8 Gallons 

9 Gallons 

18 Gals, or 2 Firkins 
36 Gals, or 2 Kilderkins 
54 Gals, or 1^ Barrels 



make 1 Quart 

1 Gallon 

1 Firkin of Ale 

► 1 Firkin of Beer 

1 Kilderkin 

1 Barrel 

1 Hogshead 

1 Puncheon 

1 Butt 

1 Tun 



72 Gals, or 2 Barrels 
108 Gals, or 2 Hogsheads 
2 Butts or 4 Hogsheads 

Pints. 

2= 1 Quart. 
8= 4= 1 Gallon. 
72= 36= 9= 1 Firkin. 

144= 72= 18= 2=1 Kilderkin. 

288=144= 36= 4=2=1 Barrel- 

432=216= 54= 6=3 = 1^=1 Hogshead. 

576=288= 72= 8=4=2 =1^=1 Punch. 



qt. 
gal. 

a. fir, 

b. fir. 
ML 
bar. 
hhd. 
pun. 
butt, 
tun. 



864=432=108 = 12=6=3 =2 =1^=1 Butt. 
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Tn London, they reckon only 8 gallons for the firkin of 
ale, and 32 for the barrel ; bnt in all other parts of England, 
for ale, and beer, 9 gallons make a firkin, and 36 gallons a 
barrel. 

Note. The old ale gallon contained 282 cubic inches ; but 
the Imperial standard gallon contains only 277*274 cubic 
inches, the same as for wine. 



{!,) ButKhd,bar.kiL 


(2.) 


Fir. gcd, qt 


(3.) Hhds.fir. gal qt 


56 . 1 . 1 . 1 




47 . 6 . 2 


45 . 2 . 7 . 3 


19 . . 1 . 1 




39 . 3 . 1 


36 . 3 . 6 . 2 


30 . 1 . . 1 




37 . 4 . 


95 . 1 . 5 . 1 


47 . 1 . 1 . 




29 . 5 • 2 


86 . 1 . 4 . 3 


25 . 1 . 1 . 1 




13. K 1 


17 . 3 . 4 . 


15. 1 . 1 . 1 




10 . . 


10 . . 2 . 3 



196 . 1 . 1 . 1 177 . 2 . 2 291 . 1 . 4 . 



{A,)BuUhhd.gal. qt 
1 . 1 . 27 . 3 


{5,)Hhd8, gal qt, 

39 . 27 . 3 


(6.) 


Hhds. gal qt pt 
90 . 50 . 2 . 1 


0. 1 .51 .2 


48 . 17 . 




19 . 35 . 3 . 


1 . . 39 . 1 


82 , 10 . 1 




78 . 16 . 1 . 1 


1 . 1 . 12.0 


17. 11 .0 




16 . 3.0.1 


0.1. 9.3 


10 . 10 . 1 




9 . 52 . 3 . 


1 . . 28 . 3 


16. 0.2 




8. 13.2. 1 


(7.) Fir. gal, qt pt 

7.6.3.1 


(S,)Kil gal qt 

39 . 15 , 3 


(9.; 


) Kil, gal qt pt 

2 . 17.3. 1 


5'. 7. 2.0 


26 . 17 . 2 




1 . 16 . 2 . 


2.3.1.1 


37 . 10 . 1 




0. 10. 1 . 1 


6.2.3.1 


49. 11 .2 




1 . 8.0.1 


5.5.1.0 


50. 9.0 




2. 6.3.1 



(10.) A brewer sent to an innkeeper, at one time, 5 hogs- 
heads, 1 barrel, 20 gallons of beer ; at another, 9 kilderkins, 
1 firkin ; and at another, 1 tun, 3 hogsheads, 50 gallons ; 
how many tuns, hogsheads, &c. did he send in all ? 
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2 Pints (pt) make 1 Quart qt 

2 Quarts 1 Pottle pot 

4 Quarts, or 2 Pottles ^ 1 Gallon gal. 

2 Gallons 1 Peck pck. 

4 Pecks, or 8 Gallons 1 Bushel bu. 

4 Bushels 1 Coom, or Sack coom, 

8 Bushels, or 2 Cooms 1 Quarter qr, 

6 Quarters 1 Wey or Load wei/. 

10 Quarters, or 2 Weys 1 Last last. 

Obs, Herrings are measured by the barrel of 26] gallons, or by the 
cran of 37^ gallons. 

Note. For the late coal measure 3 bushels, heaped up, 
made a sack, and 12 sacks, or 36 bushels, a chaldron; but, 
by the present regulations, coals are sold by the hundred- 
weight, or by the ton, and not by measure. A ^ack of coals 
should weigh 224 lbs. 

Pints. 

8= 1 Gallon. 
16= 2= 1 Peck. 
64= 8= 4= 1 Bushel. 
256= 32= 16= 4= 1 Coom. 
512= 64= 32= 8= 2= 1 Quarter. 
2560=320=160=40=10= 5=1 Wey. 
5120=640=320=80=20=10=2=1 Last. 

By this measure corn, seeds, roots, salt, charcoal, oysters, 
&c^ and all dry goods are measured. 

The imperial bushel contains 80 lb. by weight of distilled 
water, and its content equals 2218'192 cubic inches, being 
eight times that of a gallon. The imperial heaped bushel 
contains 2815*4887 cubic inches, the cone being 19^ inches 
diameter, and height 6 inches ; but heaped measure was abo- 
lished by an act of parliament passed August 13th, 1834. 
See 4 & 5 Will. 4. c. 49. s. 4. The late Winchester bushel, 
formerly used for dry measure, was 18^ in. wide, and 8 in. 
deep ; its contents were 2150*42 cubic inches. 

32 Winchester bushels nearly make 31 imperial bushels. 
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EXAMPLES. 




(1.) L8t wey qr.coom. 


(2) 


Bush, pck.gaL 


(3.) Qr,bush.pck,gal, 


27 . . 3 . 1 




27 . 3 . 


19 . 4 . 2 . 4 


36 . 1 . 4 . 1 




14 . . 1 


12 . 7 . 3 . 1 


91 . 1 . 2 . 




17.2. 1 


11 .5.2. 1 


95 . . 4 . 1 




48 . 1 . 


98 . 4 . 1 . 


86 . 1 . 3 . 1 




19 . . 1 


25 . 3 . 2 . 1 


71. 1 .0. 1 




20 . . 


8.2.1.1 


40 . 1 . 2 . 1 




29 . 1 . 1 


0.6.0.1 



450 . 1 . 1 . 


176 . 1 . 


177 . 2 . 2 . 


(4. ) W, qr. bush-pck, 

93 . 4 . 7 . 3 


(5.) Pck, gal, pot 
49 . 1 . 1 


(6.) Qr.bush.pck.gal 
80 . 6 . 3 . 1 


91 . 1 . 7 . 2 


59 . . 1 


89 . 5 . 2 , 


73 . 3 . 2 . 1 


60 . 1 . 


46 . 4 . 1 . 1 


59 . 2 . 3 . 1 


56 . . 1 


37 . 7 . 3 . 1 


27 . . . 


55 . 1 . 1 


18.3.2. 1 


0.4.6.3 


17.0. 1 


0.4.3.0 


2.3.2.1 


12. 1 .0 


7.2.1.1 


(7.) Lst. wey qr. coom. 
99 . 1 . 4 . 1 


(8.) Qr, bush.pck, 
60 . 3 . 2 


(9.) Lst qr.bush.pck, 

72 . 6 . 7 . 2 


65 . 1 . 3 . 1 


37 . . 3 


37 . 9 . 6 . 3 


49 . . 2 . 


56 . 7 . 2 


68 . 4 . 2 . 1 


83 . 1 , 2 . 1 


50 . 6 . 


38 . 3 . . 2 


16 . . . 


23 . 4 . 


17 . 7 . 5 . 3 





(10.) A com merchant exported 18 lasts, 2 qr. 5 bu. of 
wheat ; 29 lasts, 6 qr. 7 bu. of rye ; 15 lasts, 9 qr. 3 bu. of 
beans ; and 46 lasts, 6 bu. of oats. How many lasts, &c. 
were exported in the whole ? 
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MSAsmuBs or tzms. 



60 Seconds (sec.) make 1 Minute m. or rnifi* 

60 Minutes 1 Hour hr, 

24 Hours 1 Day d. 

7 Days 1 Week w. 

4 Weeks 1 Month mo. 

12 Calendar Months, or 



'] 



13 Common Months, f 1 Year t/r* 

or 52 Weeks 

Seconds. 

60= 1 Minute. 
3600^ 60= 1 Hour. 
86400= 1440= 24= 1 Day. 
604800= 10080= 168= 7 = 1 Week. 
2419200= 40320= 672= 28 =4=1 Month. 
31557600=525960=8766=365^= 1 Year. 

The tropical or solar year is usually reckoned at 365J days ; 
but its accurate length, as determined by astronomical ob- 
servation, is 365 d. 5 h. 48 min. 48 sec* 



♦ The civil year consists of 365 days for three years together, and of 
366 days every fourth, or leap year; except when the number that 
denotes a complete century, as the 1 7th, 18th, 19th, and 21st, is not 
divisible by 4, in which case it must be reckoned as a common year. 

Hence, if the date of any year, for the whole of the present century, 
be exactlv divisible by 4, it is leap year ; and if it be not divisible by 4, 
the remamder shows how many years have passed since the last leap 
year. 

It may here, also, be observed that the length of each of the 12 
calendar months may be easily recollected by means of the following 
verse; 

Thirty days hath September, April, June, and November, 
And all the rest have thirty-one, excepting February alone, 

which last month has twenty-eight days in common years, and twenty- 
nine when it is leap year. So that January has 31 days, February 28, 
March 31, April 30, May 31, June 30, July 31, August 31, Sep- 
tember 30, October 31, November 30, December 31. 
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EXAMPLES. 




(l.)Yr, Com.m(K w. d, 

76 . 8.3.6 


(2.) JJr, min, sec, 

20 . 37 . 40 


(3.) Mo. w, d. 
19.2.6 


57. 11 . 2.3 


17 . 20 . 35 


6.1.4 


34 . 9.3.5 


21 . 16 . 34 


22 . 3 . 5 


57 . 6.1.2 


16 . 27 . 46 


7.2.3 


35 . 10 . 2 . 4 


22 . 19 . 52 


2.1.6 


56 . 9.3.3 


19 . 22 . 16 


17 . 3 . 2 


20 . 6.1.2 


21 . 31 . 37 


11 .3.4 


339 . 1 1 . 2 . 4 


138 . 56 . 20 


88 . 3 . 2 


(4.) 2>. h, m, sec, 
24 . 14 . 48 . 20 


(5. ) i/r. m. sec, 
29 . 51 . 52 


6.) M. w. d, 
10 . 2 . 4 


65. 5.48.55 


27 . 18 . 16 


3.1.5 


87 . 23 . 15 . 39 


39 . 19 . 10 


11 .3.6 


86.23.30. 


27 . 17 . 17 


2.3.3 


79. 7.48. 


18 . 19 . 20 


7.2.2 


15 . 22 . 41 . 14 


13 . 13 . 9 


2.0.5 


4 . 12 . 25 . 21 


21 . 23 . 29 


5.2.3 


(7.)3f. w. d, h. 
47 . 2 . 3 . 20 


(8.) D. h. min, 
11 . 11 . 9 


(9.) W, d, k, 
10 . 6 . 16 


89.3. 1 . 19 


31 . 13 . 17 


8.5. 15 


12.2.5. 18 


50 . 14 . 13 


7.0. 13 


27 . 3 . 6 . 12 


29 . 17 . 14 


6 . 1 . 18 


19 . 1 . 4 . 3 


56 . 16 . 10 


3.2. 17 


3.0.0. 1 


27 . 18 . 51 


2. 1 .21 


6.1.1. 7 


0. 11 . 10 


3 . 3 . 20 


5 . . . 12 


13. 16. 9 


0.6. 12 
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roswEOv M&asmtss or xavotb. 

English Feet. 

The Paris Foot 1-065747 

Rhinland Foot 1-033 

Rhinland Rood= 12 Rhinland Feet 12-396 

English Yards. 
One French Metre =39-370089 Eng. Inches =1-093614 
One French Toise, or 6 Paris Feet = 6*394479 

English Feet 2-131493 

One French League, 2282 Toises, 25 to a 

Degree : 4864-067026 

Brabant League, 2800 Toises 5968- 

Italian Mile, 60 to a Degree 2029- 

German Mile, 15 to a Degree 8116- 

Also, from the measurements carried on through France 
and a part of Spain, the French mathematicians make ^ of 
the whole terrestrial meridian 5130740 toises in length ; and 
the ten millionth part of this, or -513074 toise is the metre, 
or standard for measures of length now adopted in that coun- 
try, the length of which is 3-28084075 English feet. 



Compountr ^ubtrattton. 

Compound Subtraction is the method of finding the 
difference between any two numbers consisting of several 
denominations. 

RULE. * 

1. Place the less number under the greater, so that the 
parts which are of the same denomination may stand directly 
under each other, and draw a line below them. 

2* Begin at the right hand, and take each number in the 
lower line, when it can be done, from that above it, and set 
the remainder under it. 

8. But if any of these numbers be greater than those above 
them, add as many to the upper number as will make one of 



* The reason of this rule will readily appear from what has been said 
in simple subtraction ; for the borrowing depends upon the same prin- 
ciple, and differs from it only, as the numbers to be subtracted are of 
different denominations. 

D 2 
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the next higher denomination, and then subtract the lower 
number from it, setting down the remainder as before. 

4. Carry the unit borrowed to the next number in the 
lower line, which subtract from that above it, in the same 
manner as the last ; and so on, till the whole is finished ; then 
the several remainders, taken together, will be the difference 
required. 

The method of proof is by adding the remainder to the less 
number, as in simple subtraction ; then, if the sum is equal 
to the greater, the work is right. 

EXAMPLES OP MONEr. 



(1.) /. 


a. d. 


(2.) /. 8, d. 


(3.) /. 


8, 


d 


From 9 . 


8 . 6} 


From 16 . 12 . 8} 


From 21 . 


. 13 


•45 


Take 4 . 


3 . 4^ 
5 . 21 

8. d. 


Take 10.11.61 
Rem, 6 . 1 . 2J 


Take 18 . 


. 9 


.8i 


Rem, 5 • 


Rem. 3 , 
(6.) /. 


. 3 

8, 


,S\ 


(4.) /. 


(5.) /. 8. d. 


d. 


From 136 


. 12 . 3 


From 386 . 2.7 


From 860 . 


0. 


7\ 


Take 95 


. 15 . 2 


Take 197 . 8.7 


Take 99 . 


12. 


H 


Bern. 40 


. 17 . I 


Rem. 188 . 14 . 


Rem. 760. 


7. 


105 


Proof 136 


.12.3 


Proof 386 . 2.7 


Proof 860 . 


0. 


n 


(7.) /. 


8. d. 


(8.) /. 8. d. 


(9.) /. 


a. 


d. 


From 45 . 


16. 9J 


From 8 . 12 . lOJ 


From 453. 


6. 


2j 


Take 13 . 


8.5i 


Take 5 . 16 . 9} 


Take 165. 


12. 


lOj 



(10.) From 151, 7s, lOd. take 61, 4s. 5d. 

(11.) From 284/. 9*. Sd. take 192/. 19*. M. 

(12.) From 474/. 0*. G^d, take 72/. 17*. 7^d. 

(13.) From 1097/. 145. 7f</. take 596/. 12*. 9^d. 

(14.) A tradesman had owing to him 849/. 6s. 8|^., and 
received at one time 56/. 2s. 6d., at another 32/. 17*. 5^d^ at 
a third 101/. 6s, 2d, What remains due to him? 

Ans. 659/. 0*. 7id. 
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(1.) lb, 02. dwt. or. 

From 37. 3.14.11 
Take 14. 2.10. 9 



Rem. 23 . 1 . 4 . 2 



(3.) lb, 02. dwt gr. 
From 373 . . . 
Take 248 . 10 . 18 . 21 



(2.) lb. 02, dwt gr. 
From 218. 9.10. 8 
Take 59.10.15.20 



Rem. 158.10.14.12 



(4.) fb. 02. dwt gr. 

From 508. 7.17.21 
Take 436 . 2 . 13 . 9 



(5.) &» 02, dwt gr. 
From 151 . 6 . . 8 
Take 116. 8.12.15 



(6.) lb. 02. dwt gr. 

From 986 . . 16 . 
Take 719. 6. 9.18 



(7.) From 637 lb. 9 oz. 8 gr. take 288 lb. 1 oz. 9 dwt. 20 gr. 
(8.) From 8947 lb. take 5398 lb. 6oz. 18 dwt. 12 gr. 



AVOZRDUPOZS VTZSZGBT. 



(1.) T. cwL qr. lb, oz. 

From 7 . 14 . 1 . 3 . 6 
Take 2. 6.3. 4.11 



Rem. 5. 7 . 1 .26.11 



(2.) Cwt qr. lb. 02. dr. 

From 4 . 2 . 12 . 10 . 8 
Take 2 . 3 . 16 . 15 . 3 

Rem. 1 . 2 .23 . 11 . 5 



(3) T, cwt qr, lb, 02, 
From 21 . 14 .2 .20 . 13 
Take 16 . 12 . 1 . 24 . 14 



(4.) Cwt qr. lb. 02. dr. 

From 7 . 1 . 13 . 3 . 8 
Take 4 . 3 . 19 . 6 . 10 
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(5.) T. cwt qr. lb. oz. 
From 15 . 1 . 1 . . 9 
Take 12 . . 2 . 23 . 12 



(6.) Cwt. qr. lb. oz. dr. 

From 84 . 1 . 19 . 2 , 
Take 57.0.21 .9.11 



(7.) Bought 2 ton, 5 cwt. 1 qr. 7 lb. of sugar ; and sold 
1 ton, 19 cwt. 20 lb. What remains ? 



(!.)/&. oz. dr. 8C. gr. 
From 24 . 8 . 7 . 2 . 18 
Take 17 . 7.6.1.13 

Rem. 7 . 1.1.1. 5 



(2.) lb. oz. dr. 8C. gr. 

From 8.4. 7 . . 14 
Take 0.8. 7 . 2 . 19 



Rem. 7.7. 7 . . 15 



(3.) lb. oz. dr. sc. gr. 

From 20 . 5 . 6 . 2 . 10 
Take 13 . 9 . 7 . 1 . 14 



(4.) lb, oz. dr. sc. gr. 

From 8.9. 6 . 2 . 18 
Take 6.6. 5 . 1 . 12 



(5.) lb. oz. dr. sc. gr. 

From 8 . 3.2.1. 7 
Take . 10 . 7 . . 15 



(6.) lb. oz, dr. sc. gr. 

From 7.0. 0.0. 
Take 2.8. 3 . 2 . 13 



VOOli WSZOBT. 



(1.) La. so. wy. td. st 
From 218 . 7.1.5. 1 
Take 79 . 10 . 1 . 6 . 1 

Rem. 138. 8. 1 . 5^.0 



(2.) So. toy. td. St. 
From 37 . I . 3 . 
Take 18 . 1 . 5 . 1 



Rem. 18 . 1 . 3i . 1 



T 
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(3.) La, so. try. id. st. 
From 28 . 9.1.4.1 
Take 16.11 . 1 . 6. 1 
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(4.) Wy. td, St cl lb. 
From 98 . 4 . 1 . . 5 
Take 63 . 5 . 1 . 1 . 6 



(5.) Wy, td 8t cl lb. 

From 63 . . . . 
Take 40 . 5 . 1 . 1 . 5 



(6 ) So, wjf. td, 8t 
From 65 . 1 . 6 . 1 
Take 48 . 1 . 3 . 



liOVO MSASmUi. 



(\,^ Lea. mi. fur. po. yd. 
From 20 . 2 . 7 . 38 . 4 
Take 10 . 1 . 6 . 9.3 



Bern. 10 . 1 . 1 . 29 . 1 



(2.) Po. yd, ft. in. b.c. 

From 37 . 3.2.10. 1 
Take 20.2.2.11.2 



Rem. 17 . . 2 . 10 . 2 



(3.) Mi. fur. po. yd ft 

From 100 . 2 . 6.4.2 
Take 19 . 6 . 30 . 3 . 2 



(4.) Mi. fur. po. yd. ft. 

From 87 . . 19 . 2 . 1 
Take 9.6.31.4.1 



(5.) Lea. mi. fur. po. yd. 
From 160 . 1 . 3 . 20 . 2 
Take 84 . 2 . 6 . 28 . 3 



(6.) Mi. fur. po. yd. ft in. 

From 70. 7.13. 1 . 1 .2 
Take 20 . . 14 . 2 . 2 . 8 



(7.) From 50 lea. 2 m. 1 fur. take 19 lea. 18 pis. 4 yds. 
(8.) From 72 m. 4 fur. take 12 m. 6 fur. 3 yds. 2 ft 
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(1.) Yds. qr. na. in. 

From 65 . 1 . 3 . 1 
Take 13 . 2 . 1 . 2 



Rem. 51 . 3 . 1 . li 



(2.) E.e. qr. no. in. 
From 27 . 2 . 1 . 2 
Take 13 . 3 . 2 . 1 



Rem, 13 . 3 . 3 . 1 



(3.) E.e. qr. na, m. 
From 27 . 2 . 3 . 1 
Take 14 . 3 . 2 . 2 



(4.) Fr.e, qr. na. in. 
From 37 . . 1 . 2 
Take 29 . 3 . 3 . 1 



(5.) FL e. qr. na, in. 
From 39 . 1 . . 1 
Take 19 . 1 . 2 . 2 



(6.) E. e. qr. na. in. 
From 48 . 2 . 1 . 1 
Take 30 . 4 . 2 . 2 



(7.) From 156 Eng. ells take 30 Eng. ells, 1 qr. 1 nl. 
(8.) From 908 Fr. ells take 170 Fr. ells, 4 qrs. 3 nls. 
(9.) From 856 yds. take 200 yds. 2 qrs. 1 nl. 1 in. 



sqvAsa MSABintB. 



(1.) Ac, rd. pi yd. ft. 
From 29. 3. '26. 16 .5 
Take 12.2. 18.20 .6 

Rem, 17. 1. 7. 2o\,% 



(2.) Ac, rd. pi. yd. ft. 
From 47 . 2 . 10 . 10 . 7 
Take 23.3.20. 4.3 



Rem, 23 . 2 . 30 . 6 . 4 



(3.) Ac, rd. pi. yd. ft. 
From 69.2.13.13.7 
Take 30 . 3 . 28 . 30 . 4 



(4.) Ac. rd.pl. yd. ft. 

From 90.3.19.13.7 
Take 63 . 3 . 38 . 10 . 3 
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(5.) Ac, rd, pi yd, ft (6.) Ac, rd, pi yd, ft 

From 83 . 0. 30. 23 . 1 From 76 . 0. 0.0.3 

Take 26.3.36.27.2 Take 38.2.30.3.8 



(7.) From 780 ac. 2 rds. take 396 ac. 3 rds. 15 pis. 
(8.) From 800 ac. take 100 ac. 2 rds. 8 ft. 



(1.) Tun, pip. hhd. gal qt (2.) Hhdgal qf, pt. 

From 86 . 1 . . 20 . 2 From 98 . 40 . 2 . 1 

Take 48 . 1 . 1 . 50 . 3 Take 33 . 60 . 3 . 1 



Rem. 37 . 1 . 0. 32 . 3 Bern. 64 . 42 . 3 . 



(3. ) Tun. pun. Her, gal qt, (4.) Tun, pip, hhd, gal qt. 

From 61 . 1 . 0. 36 . 3 From 90 . 1 . . 30 . 1 

Take 18 . 2 . 1 . 31 . 2 Take 56 . 1 . 1 . 48 . 2 



(5.) T hhd, gal qt pt, (6.) Tun, pun, tier, gal 

From 13 . 1 . 20 . 2 . From 89 . 1 . 1 . 25 

Take 9 . . 38 . 3 . 1 Take 31 . 2 . 1 . 38 



(7.) From 6 tuns, take 3 hhds. 15 gal. 3 qts. 

(8.) From 28 tuns, 1 pun. take 15 tuns, 1 tier. 19 gal. 



(1.) Bar, kil h.fir. gal qt, (2. ) Hhd. b.fir. gal qt. 

From 21 . 1 . 1 . 6 . 3 From 45 . 2 . 6 . 2 

Take 9.1. 1.7.2 Take 21 . 3 . 7 . 3 



Bern. 11.1.1.8.1 Rem. 23 . 4 . 7 . 3 
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(3.) Hhd, gal qt pt. 
From 200 . . . 
Take 87.50.2.1 



(4.) Butts, hhd. gat qt. 

From 251 . 1 . 13 . 
Take 111 . 1 . 48 . 3 



(5.) Hhd. kiL gal qt. pt 
From 100 . 1 . 12 . 1 . 1 
Take 40 . 2 . 16 . 3 . 



(6.) Pun, h.fir. gal. qt. 

From 84 . 5 . 3 . 2 
Take 26 . 7 . 6 . 1 



(7.) From 12 tuns, 1 butt, take 8 tuns, 50 gaL 3 qts. 
(8.) From 19 butt, 1 hhd. take 10 butt, 1 hhd. 40 gal. 



(I.) Last wey. qrs. cm. bus. 
From 136 . 1 . 2 . 1 . 3 
Take 97 . 1 . 3 . . 2 



Rem. 38 . 1 . 4 . 1 . 1 



(3.) Qrs. bus. pec. gal. 
From 155 . 3 . 2 . 
Take 18 . 4 . 3 . 1 



JRem. 136 . 6 . 2 . 1 



(5.) Wey. qrs. bus. pec. 

From 112.1.3.2 
Take 18 . 4 . 2 . 3 



(2.) Qrs. bus. pe. gal. 
From 28 . 5 . 1 . 1 
Take 19.6.3.0 



Rem. 8.6.2.1 



(4.) Wey. qrs. bus. pec. 

From 186 . 2 . 3 . 2 
Take 42 . 4 . 6 . 3 



Rem. 143 . 2 . 4 . 3 



(6. ) Wey. qrs. bus. pec. 
From 190 . 3 . 2 . 3 
Take 86 . 4 . 5 . 2 



(7.) Last. wey. qrs. cm. 
From 165 . . 2 . 1 
Take 46 . 1 . 3 . 1 



(8.) Qrs. bus. pec. pot. 

From 279 . 1 . 1 . 
Take 34 . 2 . 1 . 3 



(9.) From 20 weys or loads, take 8 loads, 3 qrs. 2 pec. 
(10.) From 8 loads, 2 qrs. 1 coom, take 4 qrs. 3 bus. 2 pec 
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(1.) Wk. da, hr, min. sec, (2.) Yr. cal mo. wk. da. 

From 32 . 3 . 7. 10. 13 From 176 . 8.8.4 

Take 3 . 2. 10. 30. 9 Take 91 . 9.2.6 



Bern, 29.0.20.40.4 Rem. 84.11.0.5 



(3.) Mo. wk. da, hr, min, (4.) Mo, wk. da, hr. 

From 12.1.2.14.19 From 93.2.1. 

Take 7.2.3. 9. 20 Take 45 . 2 . 4. 12 



Bern. 4 . 2 . 6 . 4. 59 Bern. 47 . 3 . 3. 12 



(5.) Yr, mo, wk. da, hr (6.) Mo, wk, da. hr. 

From 1650 .9.2.3.5 From 18 . . 4 . 10 



r1^ 



Take 486 . 2 . 3 . 5 . 7 Take 9.2.5.21 



(7.) From 400 years, take 98 years, 3 mo. 8 hr. 10 sec. 
r8.) From 87 months, take 43 mo. 2 wk. 3 dys. 1 hr. 
(9.) From 39 weeks, take 13 wks. 6 dys. 20 hrs. 1 1 min. 
13 sec. 



Compounti iHulttpIitatiom 

Compound Multiplication is the method of finding what 
any given number, of different denominations, will amount 
to, when repeated a certain proposed number of times. 

RULE.* 

1. Set the multiplier under the lowest denomination of the 
multiplicand; and having multiplied the number in that 
place by it, find how many integers of the next higher deno- 
mination are contained in the product, and put down what 
remains. 



* The product of a number consisting of several parts, or denomi- 
nations, by any simple number whatever, will evidently be expressed by 
taking the product of that simple number, and each part by itself, as so 

d6 
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2. Carry the integers thus found to the product of the 
multiplier and the number in the next higher denomination, 
with which proceed as before ; and so on through all the 
denominations to the highest; then this product, together 
with the several parts before found, will be the whole 
product required. 

CASE L 

When the multiplier does not exceed 12. 

EXAMPLES OP MONET. 

(1.) 9 lb. of tobacco at 4*. S^d, per lb. 

4^. S^d. 
9 



£2, 2s, 4^d, Answer, 

(2.) 3 lb. of green tea at 9s, 6d, per lb. 
(3.) 6 lb. of loaf sugar at Is. Sd, per lb. 
(4.) 9 cwt. of cheese at 4/. 11*. 5c?. per cwt. 
(5.) 12 gallons of brandy at 19*. 6d. per gall. 

CASE IL 

When the multiplier exceeds 12, and is a composite 
number, or the product of two or more numbers in the Multi- 
plication table (page 10.), multiply, successively, by each of 
its parts, instead of the whole number at once. 

EXAMPLES. 

(1.) 16 cwt. of cheese at 4L ISs. Sd, per cwt. 

4x4=16 



4cwt.= 19 14 8 

4 



16 cwt. =78/. 185. 9d, the answer. 



many distinct products; thus 251. 12«. Gd. multiplied by 9, will be 
225^ 108«. 5A(L—(hy taking the shillings from the pence, and the pounds 
f^om the shillings, and placing them in the shillings and pounds respec- 
tively we have) 230/. 12«. Qd., which is the same as the rule; and this will 
hold true when the multiplicand is any compound number whatever. 
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(2.) 28 yards of broadcloth at 19*. 4d, per yard. 

Ans. 27 1. 1*. 4c?. 
(3.) 35 firkiDS of butter at 21. I5s. Syi. per firkin. 

Ans. 96L I5s. 2\d. 
(4.) 42 cwt. of tallow at 21. 16*. 6(/. per cwt 

Ans. 118/. 13*. 
(5.) 64 gallons of brandy at 18*. 6c/. per gallon. 

Ans. 591. 4*. 
(6.) 96 quarters of rye at 21, Ss. Ad. per quarter. 

Ans. 2081. 
(7.) 120 dozen of candles at ]0s.9d. per dozen. 

Ans. 64/. 10*. 
(8.) 132 yards of Irish cloth at 2*. 4c/. per yard. 

Ans. 15/. 8*. 
(9.) 144 reams of paper at 1/. 6s. Ad. per ream. 

Ans. 189/. 12*. 

CASE m. 

When the multiplier is not a composite number, take 
that which is nearest to it, and multiply by its component 
parts, as before ; then add or subtract as many times the first 
line as the number so taken is greater or less than the given 
multiplier. 

£XA3IPLES. 

(1.) 17 ells of Holland at 7*. 8^. per ell. 

£. *. d. 
0. 7. 8i 

4x4 + 1 = 17 



1 . 10 . 10=4 ells 
4 



6.3.4 =16 c//* 
0. 7. 8i=ltf// 



£6. 11*. 0^. the answer, 

(2.) 23 ells of dowlas at 1*. 6\d. per ell. Ans. \l. 15*. 5^(/. 
(3.) 46 bushels of wheat at 8*. 7^^. per bushel. 

Ans. 191 Us. 9^. 
(4.) 59 yards of silk at 7*. lOd. per yard. Ans. 23/. 2*. 2d. 
(5.) 94 pairs of silk stockings at 12*. 2d. per pair. 

Ans, 571 3*. Sd. 
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(6.) 117 cwt of Malaga raisins at 4^ 2#. 3<L per cwt. 

Ans. 48U d«. dd 

EXAMPLES OF WEIGHTS, MEASURES, &C. 
(1.) lb. oz. dwt. gr, (2.) lb. oz. dr. «?. (3.) Cwt qr. B. oz. 

21.1.17.13 2.4.2.2 27.1.13.12 

4 7 12 



(4.) ML fr. ph. yds. (5.) Yds. qra. na. (6.) Ac. ro. po. 

24 . 3 . 20 . 2 127 . 2 . 2 27 . 2 . 1 

6 8 9 



(7.) T. hhd. gal pt (8.) Wy. gr.bu8.pck. (9.) W. d. hr. m. 
29.1.20.3 27.1.7.2 113.6.20.59 

5 7 11, 



Compountr IBtbtsttom 

Compound Division is the method of finding how often 
one given number is contained in another of different deno- 
minations. 

RULE.* 

1. Place the divisor and dividend as in simple division. 

2. Begin at the left-hand, or highest denomination of the 
dividend, which divide by the divisor, and set down the 
quotient. 

• To divide a number consisting of several denominations by any 
simple number whatever, is evidently the same as dividing all the 
parts or numbers of which it is composed, by the same simple number. 
And this will be true when any of the parts are not an exact multiple 
of the divisor ; for, by conceiving the number, by which it exceeds that 
multiple, to have its proper value, by being placed in the next lower 
denomination, the dividend will still be divided into similar parts, and 
the true quotient found as before: thus 25/. 12«. Zd. divided by 9 will 
be the same as 18/. 144«. 99</. divided by 9, which is equal to 
2i 16«. 1 Id. as by the rule ; and the method of carrying from one de- 
nomination to another is exactly the same in other cases, as Weights 
and Measures. 
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3. J£ anything remains after this division, find how many 
integers of the next lower denomination it is equal to, and 
add them to the number, if any, which stands in that deno- 
mination. 

4. Divide this number so found by the divisor, and set the 
quotient under its proper denomination. 

5. Proceed in the same manner through all the denomina- 
tions to the lowest ; and the whole result thus obtained will 
be the answer required. 

CASE I. 

When the multiplier does not exceed 12. 

EXAMPLES OF MONEY. 

(1.) Divide 225/. 2s. Ad. by 2. 

2)225/. 2s. 4rf. 

Ans, 112/. lis. 2d. the quotient, 

(2.) Divide 751/. 14s. 7|d. by 3. 

(3.) Divide 821/. 17s. 9f€?. by 4. 

(4.) Divide 2382/. 13s. 5^rf. by 5. 

(5.) Divide 28/. 2s, \\d, by 6. 

(6.) Divide ^^L 15s. O^d. by 7. 

(7.) Divide G/. 5s. Sd. by 8. 

(8.) Divide 135/. 10s. U. by 9 

(9.) Divide 21/. 18s. 4rf, by 10. 
(10.) Divide 227/. 10s. 5d. by 11. 
(11.) Divide 1332/. lis. 8^. by 12. 

CASE n. 

When the divisor is a composite number that exceeds 
12, find what simple numbers, multiplied together, will pro- 
duce it, and divide by them separately, as in simple division. 

EXAMPLES. 

(1.) What is a certain commodity per cwt. if 16 cwt. cost 
30/. 18s. Sd. ? 

4)30/. 18s. Sd. 

4)7/. 14s. Sd. 

U. 18s. 8d. the answer. 
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(2.) Divide 85/. 6s. by 72. Ans. 1/. 3*. 8^d. 

(3.) Divide 57/. 3s. 7d. by 35. Ans. II. I2s. Sd. 

(4.) Divide 31/. 2s. 10^. by 99. Ans. 6s. 3^. 

(5.) At 18/. 18s. per cwt., how much per lb. ? Ans.Ss.A^. 

(6.) If a quantity of tobacco, consisting of 20 hundred- 
weight, comes to 370/. 6s. Sd., what is that per hundred- 
weight ? Ans. 18/. lOs. Ad. 

(7.) If a quantity of sugar, consisting of 26^: pounds, cost 
11/. \6s. 6d., what is the price per pound ? Ans. lOfc/. 

CASE m. 

If the divisor cannot be produced by the multiplication 
of two or more small numbers, divide by the whole divisor 
at once, after the manner of long division. 

EXAMPLES. 

(1.) Divide 74/. I3s. 6d. by 17. 

17)74/. 13s. 6d.{Al 7s, lOd. Ans, 
68 

6 
20 



17)133(7s. 
119 



14 
12 



17)174(10(/. 
170 



(2.) Divide 23/. 15s. 7^. by 37. Ans. 12s. lO^d. 

(3.) Divide 199/. 3s. lOd. by 53. Ans. SI. 15s. 2d. 

(4.) Divide 675/. 12s. 6d. by 138. Ans. 41. 17s. Ud. 

(5.) Divide 315/. 3s. lO^rf. by 365. Ans. 17s. S^d. 

EXAMPLES OF WEIGHTS AND MEASURES. 

(1.) Divide 23 lb. 7 oz. 6 dwt. 12 gr. by 7. 

Ans^ 3 lb. 4 oz. 9 dwt. 12 gr 
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(2.) Divide 13 lb 1 oz. 2 dr. sc. 10 gr. by 12. 

Ans, I lb. I oz. dr, 2 sc. lOJ gr. 
(3.) Divide 1061 cwt. 2 qr. bj 28. 

Ans. 37 cti7& 3 ^r. 18 lb. 
(4.) Divide 375 mi. 2 fur. 7. po. 2 yd. 1 ft. by 39. 

Ans. 9 mi. 4/Mr. 39 po yd. 2 ft. 8 in. 
(5.) Divide 571 yd. 2 qr. 1 nl by 47. 

Ans. \2yd. Oqr. 2 nl. 
(6.) Divide 51 ac. 2 ro. 3 po. by 51. 

Ans. 1 ac. ro. 1 po. 19 yds. 
(7.) Divide 10 tun. 2 hhd. 17 galL 2 qt. of wine by 67. 

Ans. 39 galL 3 9^. 
(8.) Divide 120 lasts, 1 qr. 1 bu. 2 pck. by 74. 

Ans. 1 last, 6 ^r. 1 bu. Spck. 
(9.) Divide 120 mo. 2 we. 3 da. 5 ho. 20 min. by 1 1 1. 

Ans, 1 mo. we, 2 (fa. 10 Ao. 12 mi;}. 



3RelJuttiom 

Reduction is the method of converting numbers from one 
name or denomination to another, without altering their 
values. 

RULE.* 

I. When the numbers are to be reduced from a higher 
denomination to a lower. 

1. Multiply the number in the higher denomination by as 
many of the next lower as make an integer, or one, in that 
higher, and set down the product. 

2. To this product add the number, if any, which was in 
this lower denomination before ; and multiply the sum by as 
many of the next lower denomination as make an integer in 
the present one. 

3. Proceed in the same manner through all the denomina- 
tions to the lowest, and the number last found will be the 
value of all the numbers that were in the higher denomina- 
tions taken together. 

* The reason of this rule is obvious ; for pounds are brought into 
shillings by multiplying them by 20, shillings into pence by multiply- 
ing them by 12, and pence into farthings by multiplying them by 4 ; 
and the contrary by (Uvision : and a similar rule will be true for the 
reduction of numbers consisting of any denominations whatever. 
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11. When the numbers are to be reduced from a lower 
denomination to a higher. 

1. Divide the given number by as many of that denomi- 
nation as makes one of the next higher, and set down what 
remains. 

2. Divide this quotient by as many of the last denomina- 
tion as make one of the next higher and set down what 
remains, as before. 

3. Proceed in like manner through all the denominations 
to the highest ; and the quotient last found, togeth£r with the 
several remainders^ if any, will be of the same value as the 
number proposed. 

EXAMPLES. 

(1.) In 1465/. 14*. 5d. how many farthings? 

1465/. 145. 5d. 
20 



29314 shillings. 
12 



35177S pence. 
4 



1 407092 farthings = Ans. 

(2.) Reduce 1407092 farthings into pounds. 

4)1407092 

12)351773 



2,0)2931, 4-5rf. 



1465/. 14*. 5d. Ans. 



(3.) In 12/. how many farthings? Ans, 11520. 

(4.) In 6169 pence how many pounds? Ans. 25/. 14*. Id. 
(5.) In 35 guineas how many farthings? Ans. 35280/. 
(6.) How many French francs of lOd. each are there in 
100/.? ^n5.2400. 
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(7.) In 213210 grains how many pounds troy ? 

Ans.S7 lb, Zdwt \%gr. 
(8.) In 1776 quarter-guineas how many sixpences? 

Ans. 18648. 
(9.) In 59 lb. oz. 13 dwt. 5 gr. how many grains ? 

^n*. 340157 ^r*. 

(10.) In 420 quarter-guineas how many moidores of 27«. 
each? Ans, 81 moidores and ISs, over. 

(11.) In 231 /L I6s. how many ducats at 48, 9d. each? 

Ans. 976. 

(12.) It is required to reduce 1776 pieces, of thirty-six 
shillings each in value, to half-crowns. Ans. 25574|^. 

(13.) In 50807 moidores, how many pieces of coin, each 
4*. 66?.? ^n*. 304842. 

(14.) In 274 marks, each 13«. 4d.y and 87 nobles, each 
6s, Sd,, how many pounds ? Ans, 2111, ISs. 4d, 

(15.) How many times will a coach wheel of 18 J feet in 
circumference turn round between London and York, the 
distance being 197 miles ? Ans. 56224ff times. 

(16.) In 35 tons, 17 cwt. 1 qr. 23 lb. 7 oz. 13 dr. how 
many drams? Ans, 20571005. 

(17.) In 37 cwt. 2 qr. 17 lb. avoirdupois, how many lbs. 
troy, a lb. avoirdupois being equal to 14 oz. 11 dwt. 16 gr. 
trov? Ans, 5124 lb, 9 oz, 18 dwts, Se/rs, 

(18.) How many barley-corns will reach round the world 
at the Equator, supposing its circumference, according to 
Schumacher, to be 24900 miles ? Ans, 4732992000. 

(19.) In 17 pieces of cloth, each containing 27 Flemish 
ells, how many yards ? Ans. 344 t/ds. 1 gr. 

(20.) If a person step at an average 2 J feet, how many 
steps will he take in walking 20 miles ? Ans. 42240. 

(21.) How many minutes have elapsed since the birth of 
Christ to the year 1852 inclusive, allowing the year to con- 
sist of 365;^ days ? Ans, 97407792 min. 

(22.) If 44^ guineas weigh 1 lb. troy, and 48 half-pence a 
lb. avoirdupois, what is the difference between the weight of 
a guinea and a half-penny? Ans, 15^r.-}-J-J^. 

(23.) How long would it require to count eight hundred 
millions oi' money, which is almost the national debt of this 
country at present, at a rate of 100/. a minute without 
intermission? Ans, 15 j/rs, 3 mo. 1 wk, 4 da. 13 A. 20m. 
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Cfte 3Rule of Cftree, or Simple proportion* 

The Rule of Three is the method of finding a number 
that shall have the same proportion to one of three given 
numbers as there is between the other two. 

RULE.* 

Consider which of the three given terms is of the same 
kind with the answer, or number to be found, and put it 
down the last in the proportion. 



' * This rale, 'which has commonly been divided into two parts, as well 
tis improperly stated, is here, for the sake of the learner, rendered 
equally applicable both to the Rule of Three Direct, and the Rule of 
Three Inverse. Its truth, as far as regards direct proportion, is founded 
on this obvious principle, that magnitudes or quantities of any kind 
vary in proportion to the varying parts of their cause. Thus, different 
quantities of goods bought are in proportion to the money laid out for 
each ; the spaces gone over, by uniform motions, are in proportion to 
the times, &c. 

When applied to ordinary inquiries it may also be made sufficiently 
evident, by attending only to principles already explained. Thus it is 
shown, in multiplication of money, that the price of one multiplied by 
the quantity is the price of Ike whole ; and in division, that the price 
of the whole, divided by the quantity, is the price of one. 

Hence, in all cases of valuing goods, &c. where one is the first term 
of the proportion, it is plain that the answer found by this rule, will be 
the same as that found by multiplication of money ; and where one is 
the second or third term of the proportion it will be the same as that 
found by division of money. 

Also, if the first term be any number whatever, it is plain that the 
prodact of the second and third terms will be greater or less than the 
true answer required, by as much as the price, in either of these terms, 
exceeds or falls short of the price of one, or as the first term differs 
firom unity. Consequently this product, divided by the first term, will 
give the true answer required. 

In like manner, when the proportion is inverse, or such that two of 
the four proposed numbers increase in the same proportion that the 
two others diminish, the truth of the rule may be made evident, from 
the principles of compound multiplication and division, as before. For 
example : If 6 men can do a piece of work in ten days, in how many 
days will 12 men do it? 

Here 12 men : 6 men :: 10 days : ~ 5 days, the answer 
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Then, if it appears, from the nature of the question, tliat 
the answer will be greater than this number, put the greater 
of the other two terms in the middle, and the less first ; but if 
it will be less, put the less in the middle and the greater 
first. 

Having thus stated the question, reduce the first two 
terms of the proportion, when necessary, to the same 
denomination, and the third to the lowest denomination 
mentioned in it. 

Then multiply the second and third terms together, and 
divide the product by the first, and the quotient will be the 
answer, in the same denomination that the third term was 
reduced to ; which must be brought again, if necessary, to 
the highest denomination it admits of, in order that the 
answer may be exhibited in its proper form. 

EXAMPLES. 

1. What is the value of a pipe of port, consisting of 115 
gallons, at the rate of 2L 5^. a dozen^ or 12 quarts ? 



12 qts. : U5ffalls. :: 2/. 5*. 

4gts, = lgaU. 20s. 

460 qt&, 45«. 

45 

2300 
1840 


Or thus (fee note) : 

\){qt8. : ii5ya//*. :: is^JJ 

• 4 qts, 
^qts. \^qts, J/. 
115 


12)20700 
2,0)172,5 

86/. 5s, = Arts, 


3 

4)345 

86/. 5j?. =s Ans. 



where the prodact of the second and third terms, t. e. 6 times 10, or 
60, is evidently the time in which one man woald perform the work ; 
consequently 12 men will do it in one twelfth part of that time, or in 
5 days; and the same mode of reasoning will apply to any other 
example of this kind. 

Note. When it can be done, multiply and divide as in compound 
multiplication and division. And if the 1st term, and either the 2nd 
or 3rd, can be divided by any number without a remainder, let them 
be so divided, and the quotients used instead of them ; which, in general, 
will much abridge the operation. 
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(2.) How many yards of calico, that is ell- wide, English, 
will line 26^ yards of cotton that is 3 qrs. wide ? 



Or thus {see note p. 69.) : 
\qr8.(^lelL) : 3 qrs. : : "Slj^yds. 

15^ y ds. 
Arts. = 15 yds, 3 qrs. 



leU. 
5 


: 3 qrs. :: 
105 


26i yds. 
4 


5 qrs. 


5)315 
4)63 qrs. 
Uiyds. 


105 qrs. 



Arts. => 15 yds. 3 qrs. 



(3.) What is the value of a cwt of sugar at 1*. l^d. per 
lb. ? Ans. 61. 6s. 

(4.) What is the value of a ton of coals, at 1*. 6id, per 
cwt? Ans. II. lOs. lOd. 

(5.) What is the value /of 1^ cwt. of coffee at 5Jrf. per oz. ? 

Ans. 61/. 12^. 

(6.) If 750 men are allowed 22500 rations of bread per 
month, how many rations will a garrison of 1200 men re- 
quire ? Ans. 36000. 

(7.) At 10^. per lb. what is the value of a firkin of butter 
containing half a cwt. ? Ans. 21. 9s. 

(8.) What is the tax upon 745/. I4s. Sd. at 3*. 6d. in the 
pound? Ans. 130/. 10*. OJJ. ^f. 

(9.) If 10 workmien can finish a piece of work in 12 days, 
how many can do the same in 3 days ? Ans. 40 men. 

(10.) How much in length that is 4^ inches broad will 
make a square foot, which is 12 inches long and 12 inches 
broad ? Ans. 32 inches, or 2 ft. 8 in. 

(11.) At 3/. 9s. per tod, what is the value of a pack of 
wool weighing 2 cwt. 2 qrs. 13 lb. ? Ans. 36/. 2s. 0^. 

(12.) What can a person spend per week whose income is 
700/. per annum ? Ans. 13/. 9*. 2|e/. 

(13.) How many yards of matting, 2 ft. 6 in. broad, will 
cover a floor that is 27 ft. long, and 20 ft. broad ? 

Ans. 72 yards. 

(14.) What is the value of 2 qrs. 1 nl. of velvet at 19*. H\d. 
per Eng. ell ? Ans. Ss. lO^d. -^f. 

(15.) How many quarters of corn can I buy for 40 guineas 
at 8*. 6d. per bushel ? Ans. 12 qrs. 2\^ bush. 

(16.) If an ounce of silver be worth 5s. 6d., what is the 
price of a tankard that weighs 1 lb. 10 oz. 10 dwts. 4 gr.? 

Ans. 61 Zs. 9ld. 
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(17.) How mucb in length that is 13^ poles in breadth 
must be taken to contain an acre, which is 40 poles long and 
4 poles broad ? Ans. 1 1 po, 4 ^ds. 2 ft, Of in, 

(18.) If 1 £ng. ell, 2 qrs. of muslin cost 4«. 7d. what will 
39^ yards cost ? Ans, 51. 3«. 6^. 

(19.) What is the half-year's rent of 547 acres of land, at 
ILlls, per annum per acre ? Am, 423/. 18s. 6d, 

(20.) At a guinea per week, how many months' board can 
I have for 100/. ? Ans. 23 mo, 3 whs. If da. 

(21.) At 1/. 6s, 5d, per yard, what is the value of a piece 
of doth containing 52f Eng. ells? Ans, 87/. is. lO^d, 

(22.) How many yards of cloth, 3 qrs. wide, are equal in 
measure to 30 yds. 5 qrs. wide ? Ans. 50 yards, 

(23.) How many yards of paper, of 1:J^ yard wide, will be 
sufficient to hang a room, which is twenty yards in circum- 
ference, and 4 yards in height ? Ans, 64 yards, 

(24.) How many yards of stuff, 3 qrs. broad, will line a 
cloak that is 5^ yards in length and 1^ yards broad? 

Ans, 9 yds, qr, 2f na, 

(25.) If a servant's wages be 27 guineas a-year, how much 
will he have to receive for 95 days' service ? 

Ans, 71. 7s, 6j€/. ^f. 

(26.) Supposing 32 bricks will pave a space that is a yard 
square, how many will it take to pave a kitchen that is 22 feet 
long and 18 feet wide ? Ans. 1408. 

(27.) What is the value of a gold snuff-box that weighs 
4 oz. 8 dwt. 9 gr. at the rate of 4/. 3s, 9^. per ounce ? 

Ans. 18/. lOs, 3d. 

(28.) How many yards of calico that is ell wide will line 
20 yards of cotton that is 3 qrs. wide ? Ans. 12 yards. 

(29.) If the penny loaf weighs 4^ ounces when flour is 
As. 9d, a peck, how much ought it to weigh when flour is 
5s. 6d, a peck ? Ans. 3 oz, 14^^ dr. 

(30.) What is the value of a chest of tea, weighing 2 cwt. 

1 qr. 19 lb. at Ss, 6d, per lb. ? Ans. 1 15/. 3s, 6d, 
(31.) What does 59 cwt. 2 qrs. 24 lb. of tobacco come to 

at 7L 14*. 5d. per cwt. ? Ans, 461/. Os, 10^. 

(32.) How many Eng. ells of Holland may be bought for 100 
guineas at the rate of Ss. 9^, per yard ? 

Ans. 191 ells, qr, l^ff «/. 

(33.) Bought 12 pockets of hops, each weighing 1 cwt. 

2 qrs. 17 lb.; what do they come to at 51, Is, 4e/. per cwt.? 

Ans. 100/. 8*. 6fc/. 
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(34.) Bought 3 caaks of raisins, each weighing 2 cwt. 2 qrs. 
25 lbs.; what will they come to at 51. Is, 8d. per cwt.? 

Ans. 41/. 10*. 6|c?. 
(35.) If 12 men can reap a field of wheat in 3 days, in what 
time can the same work be performed by 25 men ? 

Am. Ida. lOh.SS^m, 
(36.) If 3f yards of cloth, of 1^ yard in width, will make 
a suit of clothes, how much will be requisite for the same pur- 
pose, when the cloth is only f yard wide ? Ans. 7^ yards. 
(37.) If a person's income be 500 guineas a year, and he 
spends 19*. 7rf. per day, one day with another, how much will 
he have saved at the year's end? Ans. 1671 I2s, Id. 

(38.) What is the value of 172 pigs of lead, each weighing 
a cwt. 2 qrs, 17^ lb. at 25/. I2s. 6d. per fother of 19^ cwt.? 

Ans. 826/. 8*. 1^. 
• (39.) The rents of a whole parish amount to 1750/. and a 
rate is granted of 98/. 9*. 6d. ; what is that in the pound ? 

Ans. Is. l^. 
(40.) If my horse stands me in Is. lid. per day keeping, 
what will be the charge of 11 horses for the year? 

Ans. 384/. 15*. 5d. 

(41.) What must 40*. pay towards a tax, when 650/. 1 3*. 4d. 

is assessed at 83/. 12*. 4df.? Ans. 5s. 1^. 

(42.) If the cock of a large cistern will empty it in 27 

minutes, how many such cocks will empty it in 5^ minutes? 

Ans. 4|f . 
(43.) If 27 cows can be kept in a field for 12 days, how 
long can 40 cows feed upon the same quantity of pasture ? 

Ans. 8^ days. 

(44.) If the soldiers in a besieged garrison have provisions 

sufficient for 5 months at the rate of 20 oz. per man a day, 

how long will they be able to hold out when they are reduced 

to 12 oz. a day? Ans, 8 mo. 9 da. 8 ho. 

(45.) Bought 25 pieces of Holland, each containing 25 Eng. 

ells, for 300 guineas, what is that per yard ? Ans. 8*. Of</. -j-js-}^ 

(46.) A bankrupt owes in all 1490/. 5s. lOrf., and has in 

money, goods, and recoverable debts, 784/. 17*. 4rf.; if these 

be delivered to his creditors, what will they get in the 

pound ? Ans. 10*. 6^e/. t^|4/. 

(47.) If 15 ells of stufi^, | of a yard wide, cost 37*. 6d., 

what will 40 ells of the same stuff cost, being yard wide ? 

Ans. 61. 13*. 4c/. 
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(48.) If I buy 15 yards of cloth for 11 guineas, how many 
Flemi^ ells can I buy for 240/. ISs. 4d, at the same rate? 

Ans, 416 Flemish ells, 2 qrs, 

(49.) What is a quarter's rent of 500 acres of land, which is 
let for \Ll5s.6d. hn acre per annum ? Ans, 221L 17 s. 6d. 

(50.) A factor bought 19 pieces of Holland cloth, which 
cost him 176/. 13«. at the rate of 5s, Sd, per ell Flemish ; how 
many English ells did the 19 pieces contain ? 

Ans, 403 ells, 3 qrs, 3 nL 

(51.) If a gentleman's estate be worth 1384/. 16s, & year, 
and the land-tax be assessed at 2s, 9^. per pound, what is 
his net annual income? Ans, 1191/. lOs, Hd, 

(52.) If a person lend me 250/. for 7 months, how lon^ 
ought I to lend him 300/. in return for his kindness ? 

Ans, 5 mo, 3 toe, 2^ da, 

(53.) How many Venetian ducats, at 4s, 4c/. each, are equal 
in value to 730 rix-doUars, at 4s. 5|dL each ? Ans, 754 ^^. 

(54.) Bought 4 bales of cloth, each containing 6 pieces, 
and each piece 27 yards, at 16/. 4s, per piece, what is the 
value of the whole, and the rate per yard ? 

Ans, 388/. I6s, whole cost, at \2s, per yard, 

(55.) Bought 1000 Flemish ells of cloth for 90/., how must 
I sell it again per ell English to gain 10/. by the whole ? 

Ans, Zs, 4d, 

{56,) Bought 3 tuns of oil for 151/. 14*., 85 gallons of which 
being damaged, I desire to know how I may sell the remainder 
per gallon, so as neither to lose nor gain by the bargain ? 

Ans, 4s, 6|«?. -ifYf. 

(57). What quantity of water must I add to a hogshead of 
wine, value 33/., to reduce the first cost to 9*. per gallon ? 

Ans, 10 gal, 1 q. Of pi, 

(58.) What does the whole pay of a man-of-war's crew, 
consisting of 640 sailors, amount to, for 32 months' service, 
each man's wages being 22s, 6d, per month ? Ans, 23040/. 

(59.) How many pieces of Holland, each containing 15 ells 
Flemish, may be bought for 30/. 16*. 5d. at the rate of 5s, Sd, 
per ell English ? Ans, 13 pieces, 2^ qrs, over, 

(60.) The circumference of the earth being 25000 miles ; 
it is required to find at what rate per hour a body must be 
carried, to pass completely round it in 23 hours 56 minutes, 
which is the length of a sidereal day ? Ans, 1044f^J miles, 

(61.) If the carriage of 30 cwt. of baggage cost 1/. 4s, for 

£ 
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20 miles, what will the carriage of 76 cwt. for 84 miles amount 
to, at the same rate? Ans. 12/. I5s, 4\d» -^fi 

(62.) If a person spend as much in four months as he gains 
in three, how much can he lay by annually, supposing he 
gains I2I0/. lOs, every six months? Ans. SOL 58. 

(63.) Shippexl for Barbadoes 500 pairs of stockings at Ss, 6d. 
per pair, and 1650 yards of baize at Is. Sd. per yard; and have 
received in return 348 gallons of rum at 6s. 8d. per gallon, 
and 750 lb. of indigo at Is. 4d. per lb. ; what remains due « 
upon my adventure? Ans. 24/. 12^. 6d. 

(64.) If a certain number of men can throw up an entrench- 
ment in 10 days, when the day is 6 hours long, in what time 
would they do it when the day is 8 hours long ? Afis. 7^ days, 

{65.) A wall that is to be built to the height of 27 feet, was 
raised 9 feet by 12 men in 6 days; how many men must be 
employed to finish the wall in 4 days, at the same rate of 
working? Ans. 36. 

{66.) If 30 men can perform a piece of work in 11 days, 
how many will accomplish another piece of work four times 
as large in a fifth part of the time ? Ans. 600. 



Compounti ^roporttom 

Compound Proportion is the method of resolving, at one 
operation, such questions, as by the common Rule of Three 
would require two or more statings to be worked separately. 

RULE.* 

Arrange the given terms or numbers mentioned in the ques- 
tion according to their proper statings, as taught in the Rule 



♦ The reason of this rule may be readily shown from the nature of 

Simple Proportion : for every separate row in this case is a particular 

stating in the common Rule of Three ; and therefore if all the separate 

dividends be collected together into one dividend, and all the divisors 

into one divisor, their quotient must be the answer sought. Thus, in 

example the first: 

24 X 16 
As 9 bush. : 24 bush. :: 16 horses : — - — horses, 

And as 7 days : 6 days' : : — - — horses ; — - — -r — = 36| horses, as 
by the rule. 
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x>f Simple Proportion ; considering the third term, taken 
ginglj, as common to each stating. 

Then, the continued product of all the second terms of 
these proportions, and the third, or common term, divided by 
the product of all the first terms, will give the answer re- 
quired. 

Note. When the same numbers are found in the divisor as 
in the dividend, they may be thrown out of each. 

EXAMPLES. 

(1.) If 16 horses will consume 9 bushels of oats in 6 days, 
how many horses would consume 24 bushels in 7 days at the 
same rate ? 

{?S:?s^} '• {1S*^}:: 16 hor^: answer. 
Q^ 6 X 24 X 16 _ 2 X 24 X 16 _ 2 x 8 x 36 _256_gg4 ^^ 
9x7 3x7 1x7 7 ^ 

(2.) If a family of 9 people. spend 120/. in 8 months, how 
much will serve a family of 24 people 16 months at the same 
rate of living ? Ans, 640/. 

(3.) If 8 men can dig 24 yards of earth in 6 days, how many 
men must there be to dig 18 yards in 3 days? Ans. 12 men. 

(4.) K 2 men can do 12J rods of ditching in 6J- days, how 
many rods may be done by 18 men in 14 days? 

Ans. 247-1%^ rods. 

(5.) If a regiment of soldiers, consisting of 939 men, will 
consume 351 quarters of wheat in 7 months, how many will 
consume 1464 quarters in 5 months at that rate ? 

Ans. 5483 -j^ men, 

(6.) If the carriage of 5 cwt. 3 qrs. for 150 miles cost 
3/. 7s. 4c?., what must be paid for the carriage of 7 cwt. 
2 qrs. 25 lb. for 64 miles, at the same rate ? 

Ans.lLlSs.7j^^d. 

(7.) If 540 tiles, each 12 inches square, will pave the floor 
of a certain building, how many will the same place require, 
when the tiles are 10 inches long, and 8 inches broad ? 

Ans. 972. 

(8.) If a person can travel 300 miles in 10 days, when the 
day is 12 hours long, how many days will it take him to travel 
600 miles, when the day is 16 hours long? Ans. 15 dat/Si 

x2 
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(9.) If a barrel of beer be sufficient to last a family of 7 per- 
sons 12 days, how many barrels will be drunk out by a family 
of 14 persons in a year? Ans. 60f. 

(10.) If the expense of 6 labourers for 21 weeks come to 
120/., what will be the expense of 14 labourers for 46 weeks, 
at the same rate? ^ Ans, 613/. Ss, 8d, 

(11.) If 50 men can throw up an entrenchment in 10 days, 
when the day is 8 hours long, in what time will 120 men do 
it when the day is 6 hours long ? Ans, 5f days, 

(12.) If 1000 men, besieged in a town, with provisions for 
28 days, at the rate of 18 oz. a day, per man, be reinforced 
with 600 men more, how many ounoes a day must each man 
have that the provisions may last 42 days; this being the 
time at which they expect to be relieved ? Ans. 7^ ounces, 

(13.) If 6 tailors, on the approach of a general mourning, 
can make ten suits of clothes in 4 days, how many suits can 
20 men make in '7 days, under the same circumstances? 

Ans, 58^ suits, 

(14.) If an iron bar, 5 feet long, 2^ inches broad, and If 
inch thick, weigh 45 lbs., how much will a bar of the same 
metal weigh, that is 7 feet long, 3 inches broad, and 2^ 
inches thick ? Ans, 97^^ lbs, 

(15.) If 248 men, in 5 days, of 11 hours each, can dig a 
trench 230 yards long, 3 wide, and 2 deep, in how many days, 
of 9 hours long, will 24 men dig a trench of 420 yards long, 
5 wide, and 3 deep ? Ans, 288 dat/s, 2|f hrs. 

Practice is a compendious method of working questions 
in the Rule of Three, when the first term is a unit or one ; 
and is generally used among merchants and tradesmen, on 
account of its being the most easy and expeditious way of 
finding the value of any quantity of goods, or other commo- 
dities, from the known price of one of the articles. 

The rule is commonly divided into several cases, in the 
treating of which it is to be observed, that an aliquot part of 
any number is such a part as, being taken a certain number 
of times, will exactly make that number ; thus, ^ is an aliquot 
part of 1, for being taken 4 times, or being multiplied by 4, 
it produces 1 ; and 2 is an aliquot part of 6, since, when 
taken 8 times, it makes 6, &c. 
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TABLES OF THE ALIQUOT PARTS OF MONEY, WEIGHTS. 

AND MEASURES. 

A Table of the Aliquot Parte of Weighte and Measuree, 



AVOIRDUPOIS WEIGHT. 



Of a Ton. 



cwt 

10 

5 

4 

n 

2 



i 
i 
i 
k 
lb 



Of a Cwl. 



qr. lb, 

2 or 56 

1 or 56 

16 

14 

8 



i 
i 



Of\ Cwt, or 56lb, 

lb, 

28 = i 

14 = \ 

?:| 

0/a J Citt. or 28/4. 

a. 

14 = J 

? = 1 

4 = I 

3J = 1 

0/*a Pound. 

oz, 
8 = i 
4 - \ 

2 - 4 



TROT WEIGHT. 

Of an Ounce, 

dwL gr. 

10 . =» 

6 . 16 =. 

= 

« 

8 « 

12 = 

= 



5 
4 
3 
2 
2 
1 



=A 

0/a Cirt 



12 « 


h 


8 = 
6 « 
4 = 


J 
i 


3 = 
2 » 


4 
A 


LAND MEASURE 


C!/*«n Acre, 


r, p, 
2 . 


_ 1 

3 


1 . 


= i 


32 


= ji 


20 


= 4 


16 

8 


= A 



0/a Rood. 

P- 

20 = i 

10 = i 

8 = i 

5 = i 

4 - A 

2 = A 



CLOTH MEASURE. 



Of a Yard, 



qr. 


It. 


2 . 





1 . 







2 



i 
ill 



0/an English Ett. 

qr. n. 
2.2=) 
1.1 = 4 
1 . = i 

2 = A 
1 = 



O/ a Flemith EU. 

qr, n. 
1.2=4 

1.0=4 

3 = i 

2 = 4 

8 = A 



0/a French Ell 



qr, n. 
3 . 



2 
1 
1 




2 

3 
2 
1 



i 

4 
4 
4 
4 
A 



xS 
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A Table of the Aliquot Parts of Money. 





OfaPoutuL 




O/d ^Ai/Ztn^. 


8. d. £ 


8. d, £ 


</: £ 


d, 8. 


10 . - i 


1 , 3 = A 


3 - .A 


6 » ^ 


6 . 8 » 1 


1. = A 


n- A 


4 » 1 


5 . « i 


10 = A 


2 - t4o 


3=1 


4 . = f 


8 - A 


li-Tfc 


2 a ^ 


3 . 4 » } 


n- A 


n == t1. 


IJ - i 


2 . 6 » 1 


& - A 


1 =- sfc 


1 - A 


2.0 -A 


5 -* 


} -lb 


i=- A 


1 .8 «A 


4 - A 


1 -d5 


4 - A 


1 .4 -A 


3? = A 


i = 9k 


1 = A 



CASE I.* 

TFhen the price is less than a penny, 

BULE. 

(1.) Divide the given number bj the aliquot parts of a 
pennjy and then bj 12 and by 20, and it will give the 
answer required. 

EXAUPLES. 

4506 at id. 



4isi 2 
iisi 1 



2253 
162i 



12)3379j^ 
2,0)28, l-7^d 
;«14. Is. 7id. 



(2.) 3456 at id. 
(3.) 347 at H 
(4.) 846 at y. 
(5.) 810 at id. 



Ans. SI. I2s. 
Ans. 145. 5^. 
Ans. 21. I2s. lO^d. 
Ans. 21. 105. l\d. 



* As most of the following compendiums are only particular cases in 
a more general role, it will be sufficient for their illustration, to explain 
the principles on which the rule itself is founded. 



PRACTXOB. 7d 

CASE H. 

When the price is an aliquot part of a shilling. 

RULE. 

Divide the given number bj the aliquot part, and the 
quotient will be the answer in shillings, which reduce into 
pounds as before. 

EXAMPLES. 

(1.) Sd. is i 1728 at Sd. 
2,0)43,2 
£21. I2s. the answer. 



General Rule, 1. Suppose the price of the given quantity to be 1/. or 
Is. &c as it may happen ; then will the quantity itself be the answer at 
the snpposed price. 

2. Divide the given price into aliquot parts, either of the supposed 
price, or of each other, and the sum of the quotients belonging to each, 
will be the true answer required. 

EXAMPLE. 

What is the value of 526 yards of cloth, at 3«. \0\d, per yard ? 
Here 526L would be the Ans, at 1/. per yard. 

Ss. 4<i is } S7L . 13«. . 4d, ditto at 0/. . S«. . 4d, per yard. 

4<f. is ^ 8 . 15 . 4 ditto at . . 4 

2d is I 4 . 7 . 8 ditto at . . 2 

{d,\al . 10 .11] ditto at .0.0) 

The full price £101 .7.3] ditto at .3 .10) 



In the above example, it is plain, that the quantity 526 is the answer 
at 1/. : consequently, as Ss. Ad, is the ) of a pound, ) part of that quantity, 
or 87iL 13«. 4dL, is the price at 3«. Ad, In like manner, as Ad. is the 
1^ part of 3«. Ad. so -^ of 87/. ]3«. Ad. or 8/. 15«. Ad. is the answer at Ad. 
And by reasoning in this manner 4/. la. Sd. will appear to be the price 
at 2dL and 10«. W^ the price at \d. Hence, as the sum of all these 
parts is equal to the whole price (3s. 10J</.), so the sum of the answers 
belonging to each price will be the answer at the full price required. 
And the same will be true of any example whatever. 

x4 
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(2.) 437 at Id. Am. 1/. 16*. 5rf. 

(3.) 352 at \\d. Am. 21 4«. 

(4.) 5275 at 2d. Am. 43/. 19$. 2d. 

(5.) 1776 at Zd. Am. 221 4*. 

(6.) 6771 at 4rf. Ans. 112/. 17*. 

(7.) 899 at 6</. Am. 221. 9s, 6d. 

CASE ni. 

When the price is pence and farthings, which are no ali- 
quot parts of a shilling. 

BULE. 

Find what aliquot part of a shilling is nearest to the given 
price, and divide the proposed number bj it. 

Then consider what part the remainder is of this aliquot 
part and divide the former quotient bj it ; and so on for the 
next ; then the several quotients, added together, will be the 
answer in shillings, which reduce into pounds as before. 

EXAMPLES. 

(1.) 876 at %^. 

6d. is ^ 438 
2d. is i 146 
id.i8i 36. 6d. 

2,0)62,0 . 6d. 



£31. 05. 6d. the answer. 



(2.) 
(3.) 



372 at 1|J. Am. 2L I4s. Sd. 

v«.^ 325 at 2W. Ans. SI. 7s. 8^. 

(4.) 827 at 4$ rf. Am. 15/. 10*. l^d. 

5.) 2700 at 7j^d. Am. 81/. Us. 3d. 

6.) 2150 at 9Jc/. Ans. 87/. 6*. 10^. 

7.) 1720 at llld. Am. 82/. 8*. 4d. 

CASE IV. 

TVhen the price is any number of shillings under 20. 

BULE. 

1. If the price be an even number, multiply the given 
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number bj half of it, doubling the first figure to the right 
hand for shillings, and the rest are pounds. 

2. When it is an odd number, find for the greatest even 
number as before, to which add ^ of the given number for 
the odd shilling, and the sum will be the answer. 



EXAMPLES. 





(2.) 


243 at 45. 
2 


the answer. 






£48. 


125. 






566 at 75. 
3 






169 


. 16 






Is. is ^ 

i 

2757 at Is. 


28 


. 6 


the answer. 
Am. 137/. 






?198. 


25. 




(3.) 






175. 


(5.) 


2643 at 2s. 






Ans. 


264/. 


6s. 


3271 at 5s. 






Ans. 


817/. 


\5s. 


(6.) 


872 at Ss. 






Ans. 


348/. 


\6s. 


(7.) 


372 at 1 Is. 






Ans. 


204/. 


125. 


(8.) 


5271 at 145. 






Ans. 


3689/. 


145. 


(9.) 


3142 at 17*. 






Ans. 


2670/. 145. 


(10.) 


264 at 195. 






Ans. 


250/. 


165. 



CASE V. 

When the price is any number of shillings and pence. 

BULE. 

If the price be an aliquot part of a pound divide the given 
quantity bj that part, and the quotient will be the answer in 
pounds. 

But if it be not an exact aliquot part, find first for the 
shillings^ and then take parts for the pence. 

x5 
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EXAMPLES. 

(1.) 3*. 4d. is i 329 at 35. 4d. 



(2.) 



£54. 16^. Sd. the answer. 





765 at 5s. 9d. 


5s. is J 
6d. is ^ 
Sd. is 1 


191 . 5 
19 . 2.6 
9. 11 . 3 



£219. 18*. 9d. the answer. 



3.) 7150 at 1*. 8d. 



8 



4.) 2715 at 2s. 6d. 
'5.) 3150 at 35. 4d. 
[6.) 2710 at 6s. Sd. 

7.) 7211 at Is. Sd. 
(8.) 2701 at 3*. 2d. 
(9.) 969 at I9s. lid. 



Ans. 
Ans. 
Ans. 
Ans, 
Ans. 
Ans. 
Ans. 



5951 
339/. 
525/. 
903/. 
450/. 
427/. 
964/. 



I6s. Sd. 

7s. 6d. 

Os. Od. 

6s. Sd. 
ISs. 9d. 
ISs. 2d. 
I9s. Sd. 



CASE VI. 

When the price is shillings, pence, and farthings. 



RULE. 



Divide the price into the aliquot parts of a pound, or of 
each other, and the sum of the quotients belonging to each 
aliquot part, will be the answer required. 





EXAMPLES. 


(1.) 244 at 55. 8irf. 


5s. ^ 
6d. -^ 
2d. ^ 


•61 

6. 2 

2. 0. 8 
0. 10. 2 



£69. 125. 10c?. the answer. 



FRAOTICE. 83 

(2.) 875 at Is. 4|rf. Ans. 61/. I*. A^d. 

(3.) 7524 at 3*. S^d. Ans. 1301/. 0*. 6d. 

(4.) 3715 at 9s. 4^c/. Ans. 1741/. 8*. l^d. 

(5.) 2572 at 13*. 7^rf. ^n5. 1752/. 35. 6c?. 

(6.) 1603 at 16*. 10^. Ans. 1352/. 10*. 7^d. 

(7.) 2710 at 19*. 2^. ^n*. 2602/. 14*. 7</. 

(8.) 430 at 195. S^d. Ans. 419/. 13*. 11^. 

CASE vn. 

When the price is pounds and shillings, or pounds, shillings, 

pence, and farthings. 

BULE. 

Multiply the quantity proposed by the number of poundsi 
and work for the rest by some of the former rules ; then 
the sums added together will give the answer required. 

EXAMPLES. 

(1.) 428 at 3/. 4*. 6^. 



4*. is \ 
6d. is ^ 
^d. is 1^ 



1284 
85. 12 
10. 14 
. 17 . 10 



:S1381. 3*. lOd. the answer. 



(2.) 137 at 1/. 17*. 6id. Ans. 257/. 0*. i^d. 

(3.) 947 at 4/. 15*. 10^. Ans. 4538/. 13*. 10$^. 

(4.) 457 at 14/. 17*. 9^. Ans. 6804/. 10*. 9^. 

(5.) 713 at 19/. 19*. 11 J^. ^«*. 14259/. 5*. l^d. 

CASE vnr. 

When the quantity of which the pnce is required is a 
whole number, with parts annexed. 

RUT.E. 

Work for the whole number according to the former rules, 
to which add ^, ^, or any other part of the price, that the 
question requires, for the answer. 

x6 
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PRACTICE. 



EXAMPLES. 

(1.) 234f at 5s. 8d. 



5s. is i 

6d. 18^ 

2d. is ^ 

for^ 

fori 



58 
5 
1 





10 

17 

19 

2 

1 



10 
5 



£66. IDs. S^. the answer. 



(2.) 273J at 0/. 2s. 6d. 
(3.) 937^ at 3/. 17*. Sd. 
(4.) 139| at II. I9s. Ad. 
(5.) 37 If at 4/. 13*. Id. 
(6.) 284i at 21. lOs. 6d. 



Ans. Ml 35. \}^d. 
Arts. 3640/. 12*. 6rf. 
Ans. 2741. I6s. lOd. 
Ans. 1739/. 9*. l^d, 
Ans. 7181. 7s. Sd. 



CASE IX. 



When the qtuintity of which the value is required is of 

severed denominations. 



RULE. 



Multiply the given price by the highest denomination, as 
in compound multiplication ; and take the proper parts of the 
price for the lower denominations, as in the former rules. 



(1.) 8cwt. 2 


EXAMPLES. 

qr. 16 lb. at 2Z. 5s. 6d. 

21. 5s. 6d. 
8 


2 qr. is ^ 

14 lb. is i 

2 lb. is 1 


18 . 4 . 
1.2.9 
. 5 . 8i 
. . 9J 



£19. 13*. Sd. the answer. 



(2.) 37cwt. 2qrs. 141b. at 71. 10*. 9d. per cwt. 

Ans. 283/. 11*. ll^d. 
(3.) 17 cwt. 1 qr. 121b. at 1/. 19*. Sd. per cwt. 

Ans. 34/. 8*. 6d. 



(4. 
(5. 



(1. 
(2. 
(3. 

(4. 
(5. 

(6. 

(7. 
(8. 

(9. 

(10. 

(11. 

(12. 

(13. 
at 12 
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23 cwt. 3 qrs. 8 lb. at 3/. 19. 1 Id, per cwt. 

Ans. 951. 3s, S^, 
39 cwt. Oqr. 101b. at 1/. IT*. 10c?. per cwt. 

Ans. 73/. 185. 10^.. 



PROMISCUOUS QUESTIONS. 

73 cwt. 1 qr. of sugar, at 51, I5s. 7d. per cwt.? 

Ans. 423/. 6s. 5^d. 
17 tons, 2 cwt. 3 qrs. 12 lb. at 9/. per ton ? 

Ans. 1541. 5s. S^d. 
3 qrs. 12^ lb. at 21. I6s, lOd. per cwt. ? 

Ans. 21. Ss. n^d. 
9 tods, 1 Stone of wool, at 3/. 10*. 6d. per tod ? 

Ans, 33/. 9*. 9d. 
125 yards, 3 qrs. of cloth, at 19*. S^d, per yard? 

^n*.123/. 185. 3|</. 
713 acres, 3 roods, 39 pis. at 3/. 17*. 6d. per acre? 

. A?is. 2766/. 14*. 6d. 
24 gals. 3 qts. of oil, at 7*. 4^. per gallon ? 

Ans. 91. 2s. 6id. 
57 hhds. 41 gals, of ale, at 3/. 10*. 6d. per hhd.? 

Ana. 2031, I2s. O^d. 
43 qrs. 5 bu. of wheat, at 3/. 8*. 6d. per quarter ? 

Ans. 149/. 8*. S^d. 
14 gallons of brandy, at 22*. 6d. per gallon ? 

Ans, 15/. 155. Od, 
2 cwt. 2 qrs. 9 lb. of tea, at 7*. 6d. per lb. ? 

Ans. 108/. 7s. 6d. 
7 cwt. 1 qr. 13 lb. of cheese, at 4/. 175. 6d. per cwt. ? 

Ans, 35/. 185. 2d. 

What is the hire of a house for 9 months and 1 1 days. 

'. lOs. per month? Ans. 117/. Ss. 2\d. 



Care antr €xtU 

Tare and Tret are practical rules for deducting certain 
allowances, which are made by merchants and tradesmen in 
selling their goods by weight. 

Gross Weight is the whole weight of the goods, together 
with the boXy barrel, bag, &c. that contains them. 



TABS AND TBET. 

Tare is an allowance made to the buyer for the weight of 

B box, barrel, bag, &c., which contains the goods bought ; 

d is either at so much per box, &c., or at so much per cwt., 

at so much in the whole. 

Tret is an allowance of 4 lb. in every 104 lb. or -^^ part 

the whole, for waste, dust, &c. 

Cloff is an allowance, after tare and tret are deducted, of 

3. upon every 3 cwt. that the weight may hold good when 

id by retail. 

SuTTLE is when the allowance of tare only is deducted 

)m the gross weight, the remainder being then called Tare 

Lttle. 

Neat Weight is what remains after all allowances are 

ide.* 

CASE I. 

When the tare is at so much for the whole, 

RULE. 

Subtract the tare from the gross weight, and the remainder 
11 be the neat weight required. • 

EXAMPLES. 

(1.) What is the neat weight of 38 barrels of raisins, 
lighing 133 cwt. 2 qrs. 9 lb. allowing 3 cwt. 1 qr. 17 lb. 
• tare ? 

cwt. qrs, lb, 

133.2. 9 
3 . 1 . 17 



J9j^. = 130 . . 20= the answer. 

[2,) What is the neat weight of 24 barrels of figs, weigh- 
; 45 cwt. 1 qr. 17 lb., allowing 2 cwt. 1 qr. 18 lb. for tare? 

Ans, 42 cwt. 3 qrs. 21 lb. 
3.) What is the neat weight of 45 hhds. of tobacco, each 
ighing 4 cwt. 3 qrs. 19 lb. tare being allowed upon the 
ole at 3 cwt. 2 qrs.? Ans. 2i7 cwt. 3 qrs. 15 lb. 



It may here be observed, that several sorts of goods have their 
es ascertained, in a Table annexed to the Book of Rates. 
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CASE n. 
TFhefi the tare is at so muck per box, barrel, bag, SfC, 

RULE.* 

Multiplj the number of boxes, barrels, &c. by the tare ; 
then subtract the product from the gross, and the remainder 
will be the neat weight required. 

Or thtis, 

Subtract the tare of the box, barrel, &c. from its gross 
weight, and multiply the difference by the number of the 
boxes, barrels, &c 

EXAMPLES. 

(1.) What is the neat weight of 7 frails of raisins, each 
weighing 5 cwt. 2 qrs. 5 lb. gross, tare 23 lb. per frail ? 

cwL qrs, lb, 
5.2. 5 = gross, per f rail. 
23 = tare, per frail, 

Diff,=.5 . 1 . \0=ineat, per frail. 

7 



^n«.=37 . 1 . 14 prod. = total neat weight 

(2.) What is the neat weight of 241 barrels of figs, each 
weighing 3 qrs. 19 lb, gross, tare 10 lb. per barrel? 

Ans. 22413 lb. 
(3.) What is the neat weight of 14 hhds. of tobacco, each 
weighing 5 cwt 2 qrs. 17 lb. gross, tare 1001b. per hhd? 

Ans. 66 cwt. 2 qrs. 14 lb. 
(4.) What is the neat weight of 17 bags of cotton yarn, 
each weighing 2 cwt. 3 qrs. 4 lb. gross, tare 9 lb. per bag ? 

A?is. 45 cwt. 3 qrs. 27 lb. 



* It is manifest that this, as veil as every other case in the rule, is 
only an application of the rules of Proportion and Practice ; which have 
been already sufficiently explained; and therefore any farther illostration 
of the method of proceeding is onnecessary. 



88 TARE AND TBET. 

CASE m. 
When the tare is at so much per cwt. 

RULE. 

Divide the gross weight by the aliquot parts of a cwt., 
then subtract the sum of the quotients from the gross, and 
the remainder will be the neat weight required. 

EXAMPLES. 

(1.) Gross 173 cwt. 3 qrs. 17 lb., tare 16 lb. per cwt. : 
how much neat ? 

cwt qrs, lb. 

173 . 3 . 17 gross. 
16 lb. is I 24 . 3 . 10 



Diff'.=:l49 . . 7=the answer. 



(2.) What is the neat weight of 7 barrels of potash, each 
weighing 201 lb. gross, tare being at 10 lb. per cwt. ? 

Ans. 1281 lb. 6 oz. 
(3.) What is the neat weight of 25 barrels of figs, each 
weighing 2 cwt. 1 qr. gross, tare 16 lb. per cwt. ? 

Ans. 48 cwt. qr. 24 lb. 

(4.) What is the value of the neat weight of 13 hhds. of 

sugar, at 4/. 13^. 6d. per cwt*, each weighing 4 cwt. 3 qrs. 

17 lb. gross, tare 13 lb. per cwt. ? Atis. 263/. Qs. 6d. 



CASE IV. 

When an allowance is made both for tare and tret. 

RULE. 

Find for the tare, and subtract it from the gross weight, 
by the foregoing rules ; then the remainder, or suttle divided 
by 26, will give the tret ; which being subtracted from the 
suttle, leaves the neat weight required. 
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The reason for dividing by 26 is, because 4 lb. is ^^ of 
1041b. 

EXAMPLES. 

(1.) What is the neat weight of 9 cwt. 2 qr. 17 lb. gross, 
tare 37 lb., and tret as usual ? 

cwt qr, lb, 

9 . 2 . 17 gross. 
37 /ft. = . 1 . 9 tare. 



26)9 .1.8 sutde. 
. 1 . 12 tret. 



Diff'.^S . 3 . 24 the answer. 

(2.) What is the neat weight of 152 cwt. 1 qr. 3 lb. gross, 
tare 10 lb. per cwt., and tret as usual ? 

Ans. 133 cwt. 1 qr. 10 lb. 15 oz. 

(3.) What is the neat weight of 7 casks of pruens, each 
weighing 3 cwt. 1 qr. 5 lb. gross, tare 17^ lb. per cwt., and 
tret as usual? Ans. 18 cwt, 2 qr. 23 lb. 10 oz. 

(4.) What is the neat weight of 3 hhd. of sugar, weighing 
as follows : No. I., 4 cwt, qr. 5 lb. gross, tare 73 lb. ; No. II., 
3 cwt. 2 qr. gross, tare 56 lb. ; and No. III., 2 cwt. 3 qr. 17 
lb. gross, tare 47 lb., allowing tret for each as usual ? 

Ans, 8 cwt. 2 qr, 4 lb* 

CASE V. 

When tare, tret, and cloff^ are all allowed. 

BULE. 

Deduct tare and tret as before : then divide the remainder, 
or suttle, by 168, and the quotient will be the cloff; which 
being subtracted from the suttle, leaves the neat weight. 

The reason for dividing by 168 is, that 168 is the ^ of 3 
cwt, or of 112 X 3=336 lbs. 

EXAMPLES. 

(1.) What is the neat weight of a hhd. of tobacco, weighing 
15 cwt. 3 qr. 20 lb. gross, tare 7 lb. per cwt., and tret and 
cloff as usual ? 
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cwt qr. lb. 
It) . 3 . 20 gross, 
7 /^. is ^ . 3 . 27 tare. 

26)14 . 3 . 21 

0.2. 8 tret. 



168)14 . 1 . 13 suttle. 
0.0. 9cloff. 

Diff.^l^ . 1 . 4:=the answer. 

(2.) What is the neat weight of 19 barrels of molasses, 
each containing 13 cwt. 1 qr. 17 lb. gross, tare 13 lb. per 
cwt., and tret and cloff as usual : and what is the value at 
5|€?. per lb ? Ans. 24095 Ih., and value 577/. Ss. 6|</. 

(3.) 29 parcels, each weighing 3 cwt. qr. 14. lb. gross ; 
what is the value of the neat weight at 1/. 11^. 6c/. per cwt., 
allowing 8 lb. per cwt. for tare, and tret and cloff as usual ? 

Ans. 126/. 13s. 1^. 

(4.^ What is the value of the neat weight of 5 hhds. of 
tobacco, eaich weighing 5 cwt. 2 qr. 25 lb. gross, at 8/. 12*. 
6d. per cwt., allowing 8 lb. per cwt. for tare, tret as usual, 
and cloff 2 lb. per hhd? Ans. 219/. Il5. 9|€/. 



A Hosier's Bill. 

(1.) Mr. Thomas Williams, 

Bought of Richard Simpson, Jan. 4. 1852. 





s. 


d. 


8 Pairs of worsted stockings. 


at 4 . 


6 per pr. 


5 Pairs of thread ditto. 


at 3 . 


2 


3 Pairs of black silk ditto. 


at 14 . 





6 Pairs of black worsted ditto 


at 4 . 


2 


4 Pairs of fine cotton ditto, 


at 7 . 


6 


2 Yards of flannel, 


at 1 . 


8 per yd. 


6 Yards of fleecj hosiery, 


at 2 . 


10 



:g8 . 9 . 2 
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A Mercer's Bill. 

(2. ) Mr. William George, 

Bought of Peter Thomson, Julj 13. 1852. 



15 Yards of«satin, 


at 9. 


. 6 per yard. 


18 Yards of velvet, 


at 17. 


.4 


12 Yards of brocade. 


at 19 , 


.8 


16 Yards of sarcenet, 


at 3. 


.2 


13 Yards of velvet. 


at 27. 


.6 


23 Yards of lustre, 


at 6. 


.3 


30 Yards of plush. 


at 8. 


.0 



£74 . 2 . 5 



A LmEN-DRAP£R*s Bill. 
(3.) Mr. Henry Morris, 



Bought of Caleb Windsor, March 8. 1852. 

s% d. 



40 Ells of dowlas, 

34 Ells of diaper, 

31 Ells of Holland, 

39 Yards of cloth, 

17^ Yards of musb'n, 

13:| Yards of cambric, 

27 Yards of printed linen, 

43 Yards of Welsh flannel, 

27 Yards of cotton, 

50 Yards of tape. 



at 1.6 per 
at 1 .4^ 
at 5 . 8 


ell. 


at 2 . 4 per 
at 7 . 2^ 
at 10 . 6 


yard. 


at 2 . 5 




at 2 .2 




at 2. 4 




at 0.2^ 






£43.15.9i 
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A Millineb's Bill. 

(4.) Mrs. Matthew son, 

Bought of Simon Percy, June 18. 1852» 

/• s, d. 

15 Yards of Dresden lace, at . 13 . 3^ per yd. 

18 Yards of fine lace, at . 12 . 3 ' 

5 Pairs of kid gloves, at . 2.2 per pr. 
12 Opera fans, at . 3.6 eac?i. 

2 Patent laced cloaks, at 3 . 3.0 

4 Dozen pairs of thread gloves, at . 1 . Sperpr. 

6 Yards of Persian, at . 2.6 per yd. 
12 Yards of ribbon, at . 0.8^ 

21 Yards of edging, at . 1.6 

36^ Yards of gauze, at . 2.2 



£39 . 12 . 9i 



A Woollen-Draper's Bill. 

(5.) Mr. John Page, 

Bought of Jacob Goodson, May 1. 18o2. 

17 Yards of fine serge, 

18 Yards of drugget, 
lo Yards of superfine cloth, at 1 

16 Yards of black cloth, 
25 Yards of shalloon, 

17 Yards of drab, 
20 Yards of ladies' cloth, 

5 Yards of kerseymere. 



/. 


s. d. 


atO . 


3 . 9 per yd. 


atO . 


9 . 


at 1 . 


2 . 


atO . 


18 . 


at . 


1 . 9 


atO . 


17 . 6 


atO . 


16 . 3 


atO . 


17 . 



£79 . 15 . 
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A Grocer's Bill, 



(6.) Mr. Nathaniel Parsons, 


Bought of William Smith, Aug. 6. 1852. 


2A\ lbs. of fine green tea. 


at 18 . 6 per lb. 


2^^ lbs. of imperial tea, 


at 24 . 


35f lbs. of best hyson, 


at 13 . 10 


17 lbs. of coffee. 


at 5 . 4 


25 lbs. of best loaf sugar. 


at 1 . li 


137 lbs. of soft sugar. 


at . 7i 


1 2 cakes of chocolate, 


at 5 . 6 per cake. 


20 lbs. of raisins. 


at 1 . 2 per lb. 


15^ lbs. of cocoa, 


at 3 . 4 




£93 . 15 . 2^ 



A Wine-Merchant's Bill. 



(7.) 


Mr. Thomas Greville, 












Bought of John Simes, 

_? 


April 


3. 1852. 


m 


Dozens of Port, 


S. 

at 4 . 


a, 

. 6 per 


bottle 


• 




H 


Dozens of Lisbon, 


at 4 , 


. 3 








2 

^ 

H 

6 
9 


Dozens of claret, at 8 , 
Dozens of sherry, at 5 . 
Dozens of Burgundy, at 10 . 
Dozens of Vidonia, at 4 < 
Dozens of Bucellas, at 3 . 


. 6 
. 6 
. 6 
. 6 

, 8 








8 
5 


Gallons of brandy. 
Gallons of rum. 


at 22 . 
at 17 . 


6 per 

, 6 


gall. 






4 


Gallons of Hollands, 


at 21 . 


. 6 










£130 . 


. 17 . 
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A Cheesemonger's Bill. 

(8.) Mr. Edward Patteson, 

Bouglit of Stephen Cross, Sept. 1. 1852. 

8, d, 
8 lbs. of Cambridge butter, at . 10 per lb. 

17 lbs. of new cheese, at 1 . 

^ firkin of buttter, wt. 28 lbs. at . 9^ 
6 Cheshire cheeses, wt. 127 lbs. at . 11 
2 Warwickshire ditto, wt. 15 lbs. at . 9 
2 lbs. of cream cheese, at 1 . 6 

12 lbs. of Stilton cheese, at 1 . 8 

£9 . 16 . 6 



A Fraction is any part or parts of a unit or of something 
considered as a whole ; and it represented by two numbers, 
placed one above the other, with a line drawn between them ; 
as i, §, I, &c. 

The number below the line is called the denominator, and 
shows how many equal parts the integer or whole is divided 
into. And the number above the line is the numerator, 
which shows how many of those parts are expressed by the 
fraction. 

Thus, f denotes that some whole quantity, considered as a 
unit, is divided into 3 equal parts, and that the fraction ex- 
presses 2 of those parts. 

Fractions are either proper, improper, simple, compound, 
mixed, or complex. 

1. A proper fraction is when the numerator is less than 
the denominator ; as f , ^, |^, &c. 

2. An improper fraction is when the numerator is equal 
to, or greater than, the denominator ; as, |^, f, ^^, &c. 

3. A simple fraction is that which is expressed singly, or 
without any reference to others, as f, y, &c. 

4. A compound fraction is the fraction of a fraption, as ^ 
off, off, off, &c. 

5. A mixed number is that which is composed of a whole 
number and a fraction, as 8^, 17xV, &c. 
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6. A complex fraction is that which has a fraction^ or 
a mixed number, in either, or both, of its terms ; as 

Note. Any whole number, as 5, may be expressed like a 
fraction, by writing 1 under it as a denominator, thus {-. 



REDUCTION OF VULGAR FRACTIONS. 

Reduction of Vulgar Fractions is the method of 
changing them from one form, or denomination, to another, 
in order to prepare them for the operations of addition, sub- 
traction, &c. 

CASE L 

To abbreviate or reduce fractions to their lowest terms, 

RULE.* 

Divide the terms of the given fraction by any number that 
will divide each of them without a remainder, and these quo- 



* It is evident that by dividing the numerator and denominator of 
any fraction, equally hy any number that will divide them without a re- 
mainder, the result will give another fraction equal to the former : and 
if these divisions be performed as often as can be done, or the greatest 
common divisor be found by the second part of the rule, the terms of the 
resulting fraction must be the least possible. For it is a universal 
(zxiom in fractions, that if you multiply or divide both the numerator 
and denominator of a fraction by the same number, its value is not 
altered. (See Note 16. page 21.) 

iVbte. When both the terras of any given fraction end with an even 
number, they can be each divided by 2 ; and if one of them ends with a 
5, and the other with a 0, or both of them with a 5, they can each be 
divided by 5. 

Also, when the numerator and denominator of any fraction both end 
with O's, an equal number of them may be left out of each, without al- 
tering the result Thus g=j; and Y»,*i8j=fj. 

Which simple rules it will be necessary for the learner to keep in his 
memory, as they greatly facilitate the reduction required. 

And in cases where a division of this kind cannot be used, the number 
proper for that purpose must be found by trial, or by having recourse 
either to the second part of the above rule, or to some of the theorems 
respecting the properties of numbers, given at the end of the present 
work {or see Notes from 4 to 12. page 20,> 
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tients again in the same manner; and so on, till it appears that 
there is no number greater than 1, which will divide them ; 
and the resulting fraction will be in its lowest terms. 

Divide the greater term of the fraction by the less, and this 
divisor by the remainder; and so on, dividing each divisor by 
the last remainder, till nothing remains; then if the numerator 
and denominator of the given fraction be each divided by the 
number so found, it will reduce it to its lowest terms. 

EXAMPLES. 

(1.) Reduce -JJJ to its lowest terms. 

(2) (2) (3) (2) {2) divisors. 
144 72 36 12 6 3 ,, 

7;rr:^ = T7^x=7;:^=j^=^7;.=X=^^^ answer. 

240 120 60 20 10 5 



OrHua, 




Or thus. 




(12) (4) divitort. 
144 12 3 . 

240-20-5 -^'"• 




144)240(1 
144 

96)144(1; Aenc« 48)J1J = 
96 


=ly as before. 








48)96(2 
96 




(2.^ 

(3.) 


Reduce 
Reduce 

• 


48 
373 

m 


to its lowest terms, 
to its lowest terms. 


Ans. ^.^. 
Ans. \. 



It may here also be observed, that when nambers Dvith the sign of ad- 
dition or subtraction between them, are to be divided by any number, 

4 + 8 + 10 
each of the numbers must be divided. Thus =2 + 4 + 5 = 11; 

2 

but when they have the sign of multiplication between them, only one of 

,. ^ , J. J J mt. 3x8 X 10 3 x4x 10 1 x4 X 10 

them must be divided. Thus — - — - — « — ; — - — «= — ; — - — = 

2x6 1x6 1x2 

4 5 

1x2x10 20 ^ ^^. Sx 1^x119 20 ^^ 

1x1 1 '5^x1^ 1 
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(4.) Reduce f|^ to its lowest terms. Ans. ^. 

(5.) Reduce f|i ^^ its lowest terms. Ans. -J^. 

(6.) Reduce \i%% to its lowest terms. Ans, |* 

(7.) Reduce \\%% to its lowest terms. Ans, f f , 

(8.) Reduce -frSl *^ ^*s lowest terms. -4w*. ^. 

(9.^ Reduce fl^aViV ^^ ^^^ lowest terms. ^;i5. 4f • 

(10.) Reduce |y|| to its lowest terms. Aris. ^. 



CASE n. 
To reduce a mixed number to its equivalent improper fraction. 

RULE.* 

Multiply tlie whole number by the denominator of the frac- 
tion, and add the numerator to the product ; then this sum 
placed above the denominator will form the fraction required. 

EXAMPLES. 

(1.) Reduce 27f to its equivalent improper fraction. 

Or thus, 
21 



072_ (27x9)+2 _245_^ • 



9 multiply. 



2 add. 



245 ^ 
—r—=^ Answer. 



(2.) Reduce 19f to its equivalent improper fraction. 

>Ans. \^. 
(3.) Reduce 22^ to an improper fraction. Ans,'^^^. 

(4.) Reduce 514^*^ to an improper fraction. Ans, ^\% K 
(5.) Reduce 100||^ to an improper fraction. Ans. ^-|^- 
(6.) Reduce 47-]^ to an improper fraction. Ans, ®^. 



• All fractions represent a division of the numerator by the denomi- 
nator, and may consequently be taken as proper and adequate expressions 
for the quotient Thus the quotient of 2 divided by 3 is § ; from which 
the rule is manifest ; for if any number be multiplied and divided by the 
same number, it is evdent that the quotient must be the same as the 
quantity first proposed 

F 
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CASE in. 

To reduce an improper fraction to its equivalent whole or 

mixed number. 

RULE.* 

Divide the numerator by the denominator, and the quotient 
will be the integer or whole number required : and if there be 
any remainder, place it over the denominator, to the right 
hand of the former, for the fractional part 

; EXAMPLES. 

(1.) Reduce ^^ to its equivalent whole or mixed number. 

l6)9Sl(6l^=Answer. 
96 



21 
16 



(2.) Reduce ^ to its equivalent whole or mixed number. 

• Ans. 7. 

(3.) Reduce ^ |f^ to its equivalent whole or mixed number. 

Ans, 56^, 
(4.) Reduce -fy- to its equivalent whole or mixed number. 

Ans. 183t^V 
(o.) Reduce ^|g^ to its equivalent whole or mixed number. 

Ans. 236^\. 

(6.) Reduce ^-VA^^ *^ ^*s equivalent whole or mixed 

number. Ans. 1209^4 J- 

CASE IV. 

To reduce a compound fraction to an equivalent simple one, 

RULE.t 

If any of the proposed quantities be integers, or mixed num- 
bers, reduce them to improper fractions, by Case II., then mul- 

* This rule is plainly the reverse of the former, and has its reason in 
the nature of Common Division. 

t That a compound fraction may be represented by a simple one is 
evident, since a part of a part must be equal to some part of the ifrhole. 
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tiply all the numerators together for a numerator, and all the 
denominators together for a denominator ; and the former pro- 
duct placed over the latter will be the simple fraction required. 
Note, If two or more factors that are equal to each other be 
found both in the numerator and denominator, they may be 
struck out of each, and when it can be done, any two terms 
of the fraction may be divided by the same number, and the 
quotients used instead of them. 

EXAMPLES. 

(1.) Reduce § of J of -^ to a simple fraction. 

2x3x8 48 4 

=T7rK=TT '=-the answer. 



3x4x11 132 11 

Or thus, 

2x3x8 2x8 2x2 4 . 

6 — 1 — T? = A — TT= ~TT~ = TT =-^W5W?cr, OS before, 

3x4x11 4x11 11 11 » ^ 

Or by cancelling^ that is by finding any number that will 
divide a number both in the numerator and denominator, as 
per note. 

2 

2x^x$ 2x2 4 

z — TT ==~Ti~ =TT = Answer as before, 

3X^x11 11 11 "^ 

(2.) Reduce f of f to a simple fraction. Ans, ^, 

(3.) Reduce ^ of f to a simple fraction. Ans, |^§. 

(4.) Reduce % of f of f to a simple fraction. Ans, ^, 

The truth of the rule for this reduction may be shown as follows: — 

Let the compound fraction to be reduced be § of f Then J of ;} =i -r 
3«:^, and consequently § of ;}=^ x 2=^, as by the rule ; and the like 
will be found to be true in all cases. 

If the compound fraction consists of three or more fractions, the two 
first may be reduced to a single one, and then that single one and the 
third to another ; and so on fur any number of them. 

It may here also be observed, that a whole number may be reduced 
to an equivalent fraction, having a given denominator, by multiplying 
it by the given denominator, and then putting the same denominator 
under the product. 

Thus, if it were required to reduce 5 to a fraction, having 7 for its 

denominator, we shall have —-— = — ; and if 9 is to be reduced to a 

99 
fraction having 11 for its denominator, the answer is -—. 

f2 
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(5.) Reduce ^ of 9^ to a simple fraction. Ans, y =3|. 

(6.) Reduce yg^ of 12f to a simple fraction. Ans. |^. 

(7.) Reduce |^ of -| of lOJ- to a simple fraction. Ans. ^^ =7^'^. 

CASE V, 

To reduce fractions of different denominators to others of 
an equal value, that shall have a common denominator, 

RULE 1.* 

If any of the proposed quantities be integers, mixed num- 
bers, or compound fractions, reduce them to simple fractions 
bj the former rules. 

Then multiply each numerator of these fractions by all 
the denominators, except its own, for a new numerator, and 
all the denominators together for a common denominator. 

EXAMPLES. 

(1.) Reduce ^, ^, and f to equivalent fractions, having a 
common denominator. 

1 X 5 X 7=35 the new numerator for ^ 

3x2x7=42 ditto for^ 

4x2x5= 40 ditto for ^ 

2 X 5 X 7=70 the common denominator. 



Therefore, the new equivalent fractions are |^, ^ J, and ^ 
the answer ; because ^=j^; ^^=J; and 1^=1^, 

(2.) Reduce f and ^ to fractions having a common de- 
nominator. Atis, \% and -}-|. 

* By placing the terms of the fractions, and the numbers by which 
they are multiplied, properly under each other, it will be seen that the 
numerator and denominator of each of them are multiplied by the same 
number, and consequently their values are not altered. Thus, in the 
first example : 

x2x5 



1 x5x7 3 x2x7 4 

2 x5x7* 6 x2x7* 7 



x2 x5 

given above, the common denominator is a multiple of all the denomina- 
tors, and consequently may be divided by any of them, without leaving 
a remainder. Hence it is manifest that proper parts may be taken for 
all the numerators as required. 411^ 

A common denominator may often be more readily found, by multi- 
plying the numerator and denominator of each of the fractions by such 
numbers as will make the denominators the same in them all. Thus, if 
the fractions be j and }, the terms of the first being multiplied by 4, will 
give ^, and the terms of the second, multiplied by 3, will give ^, each 
of which have the same denominator. 
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(3.) Reduce ^, J, and ^ to fractions having a common 
denomir^ator. Ans, ^, ^, and ^. 

(4.) Reduce J, f , |, and |^ to fractions having a common 
denominator. Ans. ^, ^||, ^f , ff|. 

(5.) Reduce J^, f, .5^, and -^^ to a common denominator. 

, _ , . , . ^«»- ifs. m, 'tW. Tft^. 

(6.) Reduce fj, f of 1 J, -j^, and ^, to a common denomi- 

Tintnr j4nji 1 3g&2 IfiOl g 13104 1144 

RULE 2. 

To reduce fractions to others that shall have the least com* 

mon denominator, 

1. Divide the product of any two of the denominators by 
the greatest divisor of each of the factors, and proceed in the 
same manner with the product of the quotient thus arising, 
and another denominator; and so on to the last quotient, 
which will be the least common denominator sought. 

2. Divide the common denominator thus found by the 
denominator of each fraction, and multiply the quotient by 
the numerator; then these products, taken in order, will be 
the numerators of the fractions required. 

EXAMPLES. 

(1.) Reduce ^, f, and f, to fractions having the least 
common denominator. 

Here = 4; ^ =12 the least common denominator. 

12 12 12 

And -^ X 1 =6 ; -j- x 3=9 ; -^ X 5 = 10 ^Ae numerators. 

Whence ^,j, ^, and ]-^ are the fractions required. 

(2.) Reduce ^ and \^ to fractions, having the least com- 
mon denominator. Ans, |-J» ft* 

(3.) Reduce ^, f, |, and f, to fractions having the least 
common denominator. Ans, -j^, -j^, -^y, ^. 

(4.) Reduce f, ^, f, and -j^, to fractions having the least 
common denominator. Ans, |g^, |^, |^-, |^g. 

(5.) Reduce ^, f, ^, ^^, and -Z^, to fractions having the 
least common denominator. Ans. /^, i^, |-gf, j^^f, ^\. 

(6.) Reduce ^, f, |, |^, -f^, and ^, to equivalent fractions, 
having the least common denominator possible. 

Jmc 16 36 40 42 33 34 
JinS, :5^, :5^, ^^, ^g^, fg^ ^. 

f3 
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CASE VL 

To reduce a fraction of one denomination to that of another 
which shall have the same value. 

RULE.* 

When the reduction is from a less name to a greater, mul- 
tiply the denominator bj all the different denominations, 
from that given to the one sought ; but if it be from a greater 
name to a less, multiply the numerator by all the denomi- 
nations, as before, and it will give the fraction required. 

EXAMPLES. 

(1.) Reduce f of a penny to the fraction of a pound. 

=^rrr^=theans. required. 



6x12x20 6x12x4 288 

(2.) Reduce ^ of a pound to the fraction of a penny. 

7 X 20 X 12 __ 7 X 10 X 12 _ 7 x 10 x 4 _280_ 

18 " 9 "■ 3 •" 3 " 

2 

^ ,, 7x20x/i 7x20x2 280 . 
Or thus, -^ = ^ =-^=^w*. 

3 

Here it is to be observed, that 12 in the numerator and 18 
in the denominator are both divisible by 6. 

(3.) Reduce f of a farthing to the fraction of a pound. 

Ans, -YiTU' 
(5.) Redi^ce ^ of a pound to the fraction of a penny. 

Ans. ^Sl. 
(5.) Reduce |^ of a dwt. to the fraction of a pound troy. 

Ans. ^g-0-g-. 

(6.) Reduce f of a pound avoirdupois to the fraction of a 
cwt. Ans. ^^. 

(7.) Reduce :^ of a mile to the fraction of a yard. Ans. -5^. 
(8.) Reduce -^ of a month to the fraction of a day. Ans. |J. 
(9.) Reduce 7^. Sd. to the fraction of a pound. f Ans. |§. 



* The reason of this practice is explained in the rule for reducing 
coin pound fractions to simple ones. 

t Quantities of this sort are best reduced to the fraction required, by 
bringing them to their lowest denomination, for a numerator, and then 
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( 10.) Reduce 6 fur. 1 6 po to the fraction of a mile. A ns, |. 
(11.) Reduce f/. to the fraction of a guinea. Ans, ^j. 
(12.) Reduce f of a crown to the fraction of a guinea. 

Ans. ^^%. 
(13.) Reduce f of half-a-crown to the fraction of a shil- 
ling. Am. ^. 
(14.) Reduce f of a moidore to the fraction of a crown. 

Ans. VV- 

CASE vn. 

To find the value of a fraction in the known parts 

of the integer. 

RULE.* 

Multiply the numerator by the parts in the next inferior 
denomination, and divide the product by the denominator ; 
and if any thing remains, multiply it by the next inferior 
denomination, and divide by the denominator as before ; and* 
so on as far as can be done ; then the quotients, placed in 
order, will be the answer required. 

EXAMPLES. 

(1.) What is the value of |^ of a shilling? 

5 
12 pence =^ 1 shilling. 

7)60 

Sd. 4 = 1^ of one penny over. 
4 farthings z=zld. 



7)16 



2tf Ans. Syi. f/. 



patting the integer, reduced to the same denomination, under it, for a 
denominator. 

Thus 78. Sd.^87d. and l/. = 240rf.; therefore 5%=iJ=the answer. 

♦ The numerator of a fraction which arises after any operation is per- 
formed, may be considered as a remainder, and the denominator as a 
divisor ; whence this rule has its reason in the nature of Compound 
Division, and the valuation of remainders in the Rule of Three ; which 
have been already sufficiently explained. 

r 4 
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2.) What is the value of f of a pound sterling ? Ans,7s, 6d, 
3.) What is the value of f of a guinea ? Ans, 4*. Sd. 

4.\ What is the value of ^ of half-a-crown ? Ans, Is, 5^d, 
5.) What is the value of -1^ of a moidore ? Ans, \Ss, 5{^. 
6.S What is the value of f of a pound troy ? Ans. 7 oz, 4 dwts, 
7.) What is the value of ^^ of a pound avoirdupois ? 

Ans, 9 oz. 2f ^r. 
8.) What is the value of f of an ell English ? 

Ans. 2 qrs. 3^ na. 
9.) What is the value of y^ of a hhd. of ale ? 

-^W5. 7 ^a/. 9^^. If /?^. 
(10.) What is the value of f of a ton of wine ? 

Ans, 3 hhds, 31 <7«/. 2 <7^. 
(11.) What is the value of ^ oi o, cwt. ? 

Ans, 3 ^r. 3 /^. 1 oz, 12^ dr, 
(12.) What is the value of -/^ of a day ? 

^n*. 12 ho. 55 min, 23y*j sec. 
(13.) What is the value of ^ of a mile ? 

-4w5. Zfur. 17 po, yd'. 2/if. 4| tw. 

CASE vni. 
2b reduce a complex fractimi to an equivalent simple one. 

RULE. 

Multiply each of its terms by the denominator of the frac- 
tional part, if there be only one ; or first by one denominator 
and then by another, if there be more than one, and the 
result will be the simple fraction required. 

EXAMPLES. 

2^ 31 

(1.) Reduce the complex fractions -~ and ^, to simple 

fractions. ' ^'^ 



2\ (2x2) + l 5 , . 
First, y = — J ^2 =14=1*^ -^^^• 



3i_[(3x4).f 1] 



x3 13x3 39 



Second, 6T-[(6x3) + l]l^~- 191^4-76=^''^ ^^^- 

4 
(2.) Reduce the complex fraction ^y to a simple fraction. 

^* Ans. li. 

9/r 

(3.) Reduce the complex fraction -^ to a simple one. 

"* Ans, -t|. 
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21 

(4.) Reduce the complex fraction „y to a simple one. 

^^ Ans. ^. 

(5.) Reduce the complex fraction of to a simple .one. 

y^ Ans. U' 

(6.) Reduce the complex fraction ^^ ? to a simple fraction. 

^^Tir Ans. nh 

ADDITION OF VULGAR FRACTIONS. 

RULE.* 

Reduce such of the fractions as require it to simple ones, 
and such as are of different denominations to those of the 
same name ; then bring the fractions, so prepared, to a com- 
mon denominator, and the sum of the numerators, placed over 
this denominator, will be the sum of the fractions required. 

Note. When large mixed numbers, or mixed numbers and 
fractions, are to be added together, it will be best to bring 
the fractional parts only to a common denomination, and 
then annex their sum to that of the whole numbers, carrying 
for the units, if any, as usual. 

EXAMPLES. 

(1.) Add f and f together. 
Here ^^^%for f x ^=-{^-^ ; and i=T^2,/or f x |=tV 
Whence ^-{-^^z=i}^=\^=Ans. 

Or thuSy 

Q y qHq f numerators 

Sum of the numerators •=^Yl , _ . , >, 

n J o A T^'=lTZF'=Ans. as before. 

Common denom. 3x4=12 ^"^ "^ 



* Fractions that have different denominators not of the same kind, 
and therefore cannot be incorporated with each other ; but when they 
are reduced to a common denominator, and by that means, made parts 
of the same thing, their sum, or difference, may then be as properly 
expressed by the sum or difference of the numerators, as the sum' or 
difference of any two quantities whatever, by the sura or difference of 
their individuals ; whence the reason of the rules, both for addition and 
subtraction, is manifest 

To this we may add, that the bringing of fractions to a common de- 

r 5 
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(2.) Required the sum of 2^, J, and ^ of J. 

First, 2^=^, and \ o/* J=|. 

Therefore the fractions are J, |, a«rf f . 

l^cnce 7x5x8=2801 

4x3x8= 96}- numerators. 
3x3x5= 45J 



• 



Sum of the numerators . . . .=421_Qg, __ , 

•> _ , «»./■» .tt;:^ ~~' "TfTiT ~~' •''^ answer. 

Common denominators 3x5x8 = 1 20 

Or thus by Note ^ xi + 3_ 40 96 45 _181_, ,, 

Then 2 -{-l^^^S^^^the answer as before. 

(3.) Required the sum of f and -^y. -4w*. fj. 

(4.) Required the sum of ^, ^, and ^. -4w5. Ij^^. 

(5.) Required the sum of f and 9^. -4w5. 9^f . 

(6.) Add f , 7^, and ^ of f together. Ans, 8f . 

(7.) What is the sum of §, ^ of ^, and ^? -4w5. 1^. 

(8.) What is the sum of f^ of 6J, ^ of ^, and 7^? 

Ans. 13fjf. 
(9.) Required the sum of 55|, 109f, and 2^. Ans. 16S^%, 
(10.) Add ^l. %s, and y\c?. together. -4/w. 3*. i^. ^/. 

(11.) Add f of a yard, J of a foot, and f of a mile together. 

Ans, 660]^ yds,, or 660r/ds, 2 ft, 9 in, 
(12.) Add ^ of a week, :J^ of a day, and ^ an hour together. 

Ans. 2JI dat/s, or 2 da, 14^ hrs, 
(13.) Required the sum of lOOOf , 74f, and 6^V Ans. 1081. 
(14.) Required the sum of f of a guinea, and f of a moidore. 

Ans. II, is, 9}fd, 
(15.) What is the sum of ^ of 15Z., 3^., ^ of -f of f of a*/., 
and f of ^ of a shilling ? -^n^. 7/. 17*. 5j^^. 

(16.) What is the sum of ^ of a cwt., 8f lb., and 3-j9^ oz.? 

i4w5. 2 ^r*. 17 lb, 1 02?. 3fJ £?r5. 

(17.) What is the sum of 3^ English ells, 4^ yards, and ^ 

of a nail ? Ans, 8 ;ye2$. 3 qrs, 2f 72a. 

(18.) What is the sum of f of a hhd. of ale, 2f gallons, and 

:^ of f of a pint ? Ans, 43 gal, 2^ jofe. 

nominator is only requisite in addition and subtraction ; no such 
operation being necessary in any of the other rules. 
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(19.) What is the sum of 4-^^^ miles, f of a furlong, and ^ 
of 1^ yd. ? Ans. 4 mi, 4 fur. 173^ i/ds, 

SUBTRACTION OF VULGAR FRACTIONS. 

RULE. 

Reduce the fractions, when necessary, to a common deno- 
minator, as in addition : then the dilTerence of the nume- 
rators, placed over the common denominator, will give the 
difference of the fractions required. 

But when they consist of large mixed numbers, or mixed 
numbers and fractions, subtract them according to the method 
mentioned in the former rule. 

EXAMPLES. 

(1.) What is the difference of J and f ? 

r, 3 21 , 5 20 

xicre-=z— -; ana ^=x:r. 

4 28' 7 28 

-,. . 21 20 21-20 1 . 

Therefore 23—28 ^^ ~~28~"28~ **^^* 

Or thus, ff w 4~oQ f numerators. 

Difference of the numerators =• \ . , ^ 

■nT ^ ^ . p, ^r^=^the answer as before. 

Denominators 4x/=28 '^ 

(2.) What is the difference between f and f of ^ ? 

rr2.3 6 2 ,2 14. 2x7 14 

^^'•^9"A=63 = 2-i' ^^^3=2i'-^"" 3^ = 21' 

^. . 14 2 12 4 . 
Therejore oT^oT^oi^y^^^^ answer, 

(3.) Required the difference off and ^, Ans, ^. 

(4.) Required the difference of y^y and ■^^, Ans, yf^. 

(5.) Required the difference of ^^^ and ^. Ans, f^. 

(6.) Required the difference of 169 and 14f. Ans, 154^. 

(7.) Required the differenceof214i andf of 19. Ans, 20\^, 

(8.) Required the difference between ^ of a pound and f 
of a shilling. Ans, 9s. 3d, 

(9.) Required the difference between ^ of an ounce and ^ 
of a pennyweight. Ans, 1 1 dwts, 3 grs, 

(10.) Required the difference between f of a league and 
T^ of a mile. Ans, 1 mi, 2 fur. 16 po. 

f6 
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(11.) Required the difference between i of a guinea and 
J of a moidore. Ans, 4^. 

(12.) Required the difference between 8^^ cwt. and 1 qr. 
2^ lb. Ans. 8 cwt. 2 qrs. 14^ lbs, 

MULTIPLICATION OF VULGAR FRACTIONS. 

RULE.* 

Prepare the fractions, by reducing such as require it to 
simple ones, as in the former rules ; then multiply the nume- 
rators together for a numerator, and the denominators for a 
denominator, and it will give the product required. 

Note. When one of the factors is a large mixed number, 
and the other a whole number, it will be best to multiply the 
parts of the former separately, observing to carry for units 
to the whole numbers, when necessary. 

It may here also be further observed, that in the multiplica- 
tion of whole numbers, the product will be always greater than 
either of the factors ; but if two proper fractions be multiplied 
together, the product will be less than either of the factors. 

EXAMPLES. 

(1.) Required the product of |^ and |. 
4x7 28 7 . 47177 

5^8=40=10=^^"-* ^^ 5 ''8=5 "^ 2=10=^^- 

or,^— g— TQ=^n5. ds before. 

2 
(2.) Required the continued product of 2^, ^-, and ^ of Jr. 

Here 2^=f ; and ^ of%=^^. 

Then - — - — __=— _ =^/ie answer. 
2x8x18 288 

* MoltiplicatioD by a fraction implies the taking some part or parts 
of the multiplicand, and is therefore truly expressed by a compound 
fraction. Thus { multiplied by {, is the same as f of f ; and as the 
directions in the rule agree with the method already given to reduce 
these fractions to simple ones, it is evidently right 

Again, let ^ be multiplied by % Let ^=x ; %=y ; /. f x ^ = ary ; be- 
6 a o a b a 

cause a^bXf c^dy; /, by multiplication ac^bdxy, or ~=a:y«=? x -. 

6a b d 



Ii 
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'3.) Multiply T^. by /^. Ans. ^. 

;4.) Multiply 4^ by |. Ans. ^. 

(5.) Multiply i of 7 by i. Ans, If. 

(6.) Multiply 13 by 2^. ^w«. 32|. 

(7.) Multiply 1017f by 35. Ans. 35618^. 

(8.) Multiply fi^2 by ^ of 5. Ans. 43^. 

(9.) Multiply f of 1^ by I of 3^ Ans. ||. 

(10.) Multiply 4^, J of |, and 18|, continually together. 

Ans. 9x1x7. 
(11.) Required the product off, S^y 5, and J of ^. 

Ans. 4^. 

(12.) What is the continued product of 5, f, f of ^, and 

4^ ? ^W5. 2^^. 

(13.) What is the continued product of 14, f, |^ of 9, and 

6f ? Ans. 528. 

(14.) Required the continued product of 14^, 2^, and ^ of 

4|? ^n*. 51^. 

(15.) Required the continued product of 101^ 202|, 5^, 

and ^ of 7i. -^W5. 383644|f . 

(16.) Required the continued product of ^ of 5^, f of 11, 

and J^. Ans. -^f^. 

DIVISION OF VULGAR FRACTIONS. 

RULE.* 

Reduce the fractions, when necessary, to simple ones, as in 
the former rules ; then invert the divisor, and proceed as in 
multiplication. 

When the dividend is a mixed number, and the divisor a 
whole number, it will be best to divide the parts of the 



♦ The reason of this rule may be shown thus : suppose it were re- 
quired to divide J by | ; then J-f 2 is manifestly J of | or ; but 

}=| of 2, therefore | of 2, or }, must be contained 5 times as often in j 

3x5 
as 2 is ; that is s= 1{ the answer ; which is agreeable to the rule ; 

and the same will take place in all cases whatever. 

Note. A fraction is multiplied by an integer, by dividing the denomi- 
nator by it, or multiplying the numerator. And a fraction is divided 
by an integer, by dividing the numerator by it, or multiplying the 
denominator. 
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former separately, observing to carry for units to the frac- 
tional part, when necessary. 

EXAMPLES. 

(1.) It is required to divide ^ by f. 

4 3 4 5 20 . 

7^5=7 ^3=2l = ^'''^"''- 
(2.) It is required to divide ^ of 19 by § of f . 
Here i o/19= V, and % of ^=^=4^. 

Then ~^X:r=-^=7^ the quotient required, 

(3.) Divide f by f . Ans. |. 

(4.) Divide Si by 9f Ans. ^. 

(5.) Divide 9^ by ^ of 7. Ans. 2^. 

(6.) Let 5 be divided by ^. yin*. 7|. 

(7.) Let I" be divided by 4. Ans, ^, 

(8.) Let i of f be divided by f of |. Ans. %, 

(9.) Let 5204 be divided by 12. Ans, 433f^. 

(10.) It is required to divide 100 by 4|. Ans, 20|^. 

(11.) It is required to divide f of |^ by f. Ans, ff. 

(12.) It is required to divide f of 50 by 4 J. Ans, 9-^, 

RULE OF THREE IN VULGAR FRACTIONS. 

RULE.* 

State the question as in the common Rule of Three, and 
reduce all the terms, if necessary, to simple fractions, and 
the first two to such as are of the same denomination. 

Then multiply the last two terms of the proportion, and the 
reciprocal of the first term (i. e. the first term inverted) con- 
tinually together, and the product will be the answer, in the 
same denomination that the last term was reduced to. 



* This rale depends npon the same principles as the common Rule of 
Three ; and in the practical application of it, according to the method 
here given, the determination of the greater or less of the two first 
terms, which is necessary in the process there described, will be most 
readily seen by bringing them, when in the same denomination, to a 
common denominator, and then observing which has the greater or less 
numerator. 
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EXAMPLES. 

(1.) If 4 of a yard cost -j^ of a £, what will -^ of an 
English ell cost ? 

First ^ofa yard=^ of^ f>fi=^ of an ell 

Then — ell ' — pH '• — £ 
men ^^eu . ^^eu .. ^^£. 

6 7 25 35 
And^e ^To^To— 79^* — ^** ^h^- !/• =^^^ answer. 

(2.) What quantity of shalloon, that is ^ yard wide, will 
line 9J yards of cloth that is 2^ yards wide ? 

First 2^ 1/ds, =f ; and 9^ i/ds, = ^ . 

3 5 19 

Ti^ew - t/d. : ^yd.y.-^ yd. 

. ,5 19 3 5 19 4f 95 ^,3 , ^. 
-dwef oX"77-J"l=^><-:rX ?=ir=31f yds.— the answer. 

£t i, 'ii 'P J, 6 £t 

(3.) If ^ of an ell of Holland cost \l. what will 12| ells 
cost ? ^wff. 7/. 0*. 8f d f /. 

(4.) If f of a cwt cost 4|^/. what will 4^ lb. cost ? 

Ans. 6s. l^. ^f. 

(5.) How much in length that is 7^ inches broad will 

make a square foot? Ans. 18^ inches. 

(6.) If -j^ of a ship cost 273/. 2s. 6d. what is ^ of her 

worth ? Ans. 2271. I2s. Id. 

(7.) K f of a gallon of wine cost f Z. what will f of a tun 

cost? Ans. 140/. 

(8.) How much in length that is ll-fj poles broad will 

make a square acre? Ans. 13t^/?o. 

(9.) How many yards of ell-wide flannel are sufficient to 

line a cloak, containing 18^ yds. of camlet f of a yd. wide ? 

Ans. 1 1 yds. 1 gr. 1^ na* 

(10.) A person who possessed a % share of a coal mine, 

sold J of his interest in it for 1710/., what was the reputed 

value of the whole mine ? Ans. 3800/. 

(11.) If the penny loaf weigh 6^ oz., when wheat is 5*. a 

bushel, what ought it to weigh when it is 8^. 6d. per bushel ? 

Afis. 4^oz. 
(12.) A mercer bought 3^ pieces of silk, each containing 
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24^ yards, at 6s. 0^. per yard, what does the whole come 
to? Am. 25/. 14*. 6^d. ^f. 

(13.) Agreed for the carriage of 2J^ tons of goods 2^ 
miles for -^j^ of a guinea, what is that per cwt. for a mile ? 

Ans, ^^ of a farthifig, 

(14.) If a coat and waistcoat can be made of 3f yards of 
broad cloth of 1^ yard in breadth, how many yards of stuff of 
f yd. in breadth will it require to fit the same person ? 

Ans, 9i/ds. 

(15.) If, when the days are 13f hours long, a traveller per- 
forms his journey in 35^days, in how many days willhe perform 
the same journey when the days are 11^ hours long? 

Ans. 4(>|^ dat/s. 

(16.) A regiment of soldiers, consisting of 976 men, are to 
be new clothed, each coat to contain 2^ yds. of cloth that is If 
yd. wide, and to be lined with shalloon ^ yd. wide ; how many 
yards of shalloon will line them ? Ans. 4:531 yds. 1 qr. 2f wa. 



JBerimal jTrartionsf^ 

A DECIMAL FRACTION is that which has for its denominator 
a unit, with as many ciphers annexed to it as the numerator 
has places ; and is usually expressed by writing the numerator 
only, with a point placed before it, on the left hand. 

Thus -j^, ^^, TWIT* ^^' ^^® decimal fractions, which are 
expressed by '5, '25, and '075 ; and in reading them, the first 
is called 5-tenths, the second 25-hundredths, and the third 
75-thousandths of a unit. 

Ciphers to the right-hand of decimals make no alteration 
in their value ; for '5, '50, •500, &c. are the same as y*^, -j^. 
^SS^t which are each equal to \ ; but if they are placed on the 
left hand of the decimal, they decrease its value in a tenfold pro- 
portion. Thus, '5, '05, '005, &c. are 5-tetiths, 5-hundredths, 
5-thousandths, &c. respectively. Also 2'7 is 2 and 7-tenths, 
and 32-04 is 32 and 4-hundredths.* 



* As the values of the figures, in notation of whole numbers, increase 
in a tenfold proportion, from the right hand to the left, so in decimals, 
their values decrease in a ten-fold proportion, from the left-hand to the 
right ; hence the operations in all the leading rules are performed in 
the same manner in both cases ; observing only, in the latter, to point 
off the proper number of decimals in the result. 
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ADDITION OF DECIMALS. 
RULE. 

Arrange the numbers according to the value of their places, 
or so that all the decimal points may fall directly under each 
other. 

Then find their sum as in whole numbers, and point off as 
many places for decimals as are equal to the greatest number 
of decimal places in any one of the given numbers. 

EXAMPLES. 

(1.) Find the sum of 25-074 + 1-8254 + 125- + -0567876 + 
1776-111. 

25-074 
1-8254 
125* 

•05678t6 

1776-111 



1928-0671876 the sum.=Ans. 



(2.) Find the sum of 376-25 + 86-125 +637-4725 + 6-5 + 
358-865+41-02. Ans. 1506-2325. 

(3.) Required the sum of 3-5+47-25+927-01+2-0073 + 
1*5. Ans, 981-2673. 

(4.) Required the sum of 276- + 54-321 + -65 + 112- + 1-25 
+ -0463. . Afis. 444-2673. 

(5.) Required the sum of -01 4- 2-19 + -307 + -009 + 1 -0768. 

Ans. 3-5928. 



SUBTRACTION OF DECIMALS. 
RULE. 

Set the numbers under each other according to the value of 
their places; then, beginning at the right-hand, subtract as in 
whole numbers, and point off the decimals as in addition.* 



♦ This method of setting the numbers under each other, according to 
the value of their places, is only necessary in addition and subtraction. 
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EXAMPLES. 

(1.) Find the difference of 2464-21 and 327-07643. 

2464-21 
327-07643 



2137-13357 the difference, =Ans. 

(2.) From 127-62 take 13-725. Ans. 1 13-895. 

(3.) From 6213*725 take 162*25. Ans, 6051-475. 

(4.) From 3760*279 take 423*0076. Ans, 3337*2714. 

(5.) From 30*7265 take -007598. Ans, 30-718902. 

(6.) From 100-011 take 2-07568. Ans. 97-93532. 



MULTIPLICATION OF DECIMALS. 

RULE.* 

Place the factors under each other, and multiply them to- 
gether as in whole numbers. 

Then point off as many figures from the product as there 
are decimal places in both the factors ; observing, if there be 
not enough, to put as many ciphers to the left-hand of them, 
as will supply the deficiency. 

EXAMPLES. 

(1.) Multiply 42-35 (2.) Multiply -02534 

by 6-842 by -03256 

8470 15204 

16940 12670 

33880 5068 

25410 7602 



^W5.= 289-75870 Ans,= -0008250704 the product. 



♦ To prove the truth of the rule, let -9776 and '823 be the numbers 
to be multiplied^; then, since these are equivalent to -fj^ and •j'jJJ, it fol- 
lows that -S?^x^=i^'jjSPg;jj = -8045648 by the nature of notation; 
which product consists of as many places as there are ciphers ; that is, 
of as many places as are in both the factors, agreeably to the rule : and 
the same will be found to be true of any two numbers whatever. 
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(3.) Multiply 79-347 by 23-15. Ans. 1836-88305. 

(4.) Multiply -63478 by -8204. Ans. -520773512. 

(5.) Multiply -385746 by -00464. Ans. -00178986144. 

(6.) Multiply 4-987642 by -098765. Ans. -492604462130. 

(7.) Multiply 3-8567 by -0041. Ans. -01581247. 

CASE II. 

To contract the operation, so as to retain only as many 
decimals in the product as may be thought necessary. 

BULE. 

Put the unit's figure of the multiplier under that figure of 
the multiplicand whose place is the last to be retained in the 
product, and dispose of the rest so that they may all stand in 
a contrary order to that in which they are usually placed. 

Then, in multiplying, reject all the figures to the right-hand 
of the multiplying digit, and set down the products so that their 
right-hand figures may fall in a straight line directly under 
each other, observing to increase the first figure of every line 
with what would arise by carrying 1 from 5 to 14 ; 2 from 15 
to 24 ; 3 from 25 to 34, &c., from the product of the two 
preceding figures, when you begin to multiply ; and the sum 
will be the product required. 

EXAMPLES. 

(1.) It is required to multiply 27-14986 by 92-41035, and 
to retain only four places of decimals in the product. 

Contracted.' Common way, 

27-14986 27-14986 

53014-29 92-41035 



24434874 

542997 

108599 

2715 

81 

14 


13 

81 

2714 

108599 

542997 

24434874 


574930 

44958 

986 

44 

2 


^n*. =2508-9280 


2508-9280 


650510=^n5. 



(2.) Multiply 245-378263 by 72-4385, reserving only 5 
places of decimals in the product. Ans. 17774-83332. 
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(3.) Multiply 128-67845 by 38-2463, reserving only 3 
places of decimals in the product. Ans, 4921*476. 

(4.) Multiply 8634-875 by 843*7527, reserving only the 
integers in the product. Ans, 7285699 

(5.) Multiply -248264 by -725234, reserving 6 figures 5 
figures, and 4 figures in the product respectively. 

Ans. -180049, -18005, and -180C. 



DIVISION OF DECIMALS. 
BULE.* 

1. Divide as in whole numbers, and point off, from the 
right-hand of the quotient, as many places for decimals, as 
the decimal places in the dividend exceed those in the divisor ; 
observing, if there be not so many as the rule requires, to 
supply the defect by prefixing ciphers. 

2. If there should be a remainder after division, or more 
decimal places in the divisor than there are in the dividend^ 
ciphers may be annexed to the dividend, and the quotient 
carried on to any extent required,f 

^ote. The decimal places in the dividend, when necessary, 
must always be made equal to those in the divisor, before the 
operation is begun ; and, in this case, the quotient, to that 
extent, will be a whole number. 

EXAMPLES. 

(1.) ^ (2.) ^ 

-5)12-678945 I •2)-0482796 

25-35789 =^w^. -040233 = Ans. 



* The reason of pointing off as many decimal places in the quotient 
as the places in the dividend exceed those of the divisor, is evident ; for 
since the number of decimal places in the dividend is equal to those in 
the divisor and quotient taken together, hy the nature of multiplication, 
it follows that the quotient contains as many places as those in the divi- 
dend exceed those in the divisor. 

f Another way to know the place of the decimal point in the quotient, 
is by making the first figure of it to occupy the same place of integers, 
or decimals, as that figure of the dividend does which stands over the 
place of units of the first product. 
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(3.) (4.) 

1 7-9)-48624097(-027 1 643 -2685)27 -OOOOC 1 00-55865 

1282 l = Ans. 15000 l=Ans.' 

294 15750 

1150 23250 

769 17700 

537 15900 

000 24750 

&c. &c. 

(5.) Divide 2-345678 by 6. Ans, -3909463', &c. 

(6.) Divide 17*084597 hy -024. Ans. 71 1-858, &c. 

(7.) Divide 234-70525 by 64-25. A?is. 3-653. 

(8.) Divide -8727587 by -162. Ans. 5-38739, &c. 

(9.) Divide 29889 by -1 107. Ans. 2700. 

(10.) Divide 14 by -7854. Ans. 17*825, &c. 

CASE n. 

To contract the rule hy diminishing the divisor at evert/ 

step of the process, 

RULE. 

Take as many of the left-hand figures of the divisor as are 
equal to the number of integers and decimals that are to be 
in the quotient, and find how many times they will go in the 
first figures of the dividend, as usual. 

Then consider each remainder as a new dividend ; and in 
dividing, leave out, continually, one figure to the right-hand 
of the divisor, remembering to carry for the increase of the 
figures cut off, as in the rule for contracted multiplication, 
before given. 

Note. When there are not so many figures in the divisor as 
there are to be in the quotient, begin the operation with all the 
figures as usual, and continue it until the number of figures in 
the divisor, and those that remain to be found in the quotient, 
are equal ; after which, use the method of contraction above 
described. 

EXAMPLES. 

(1.) Divide 2508-928065051 by 92*41035, so as to have 
only 4 places of decimals in the quotient 
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(1.) 

Contracted way, 

92-41035)2508-92806o051(27-1498 = Ans. 

660721 

13849 

4608 

912 

80 

6 

Common way, 

92-41035)2508-928065051(27-1498=^w*. 
66072106 
13848615 
46075800 
911 16605 
79 472901 
5544621 

(2.) Divide 72M7562 by 2-257432, so as to retain only 3 
places of decimals in the quotient. Ans. 319'4i37. 

(3.) Divide 12-169825 by 3-14159, so as to preserve only 
5 places of decimals in the quotient. Ans. 3-87377. 

(4.) Divide 87-076326 by 9*365407 so as to preserve only 
7 places of decimals in the quotient. Ans. 9*2976553. 

(5.) Divide 40*076745 by 2*9586, so as to retain the in- 
tegers only in the quotient. Ans. 13. 

REDUCTION OF DECIMALS. 
CASE I. 

To reduce a vulgar fraction to its equivalent decimal. 

RULE.* 

Annex as many ciphers to the numerator as may be thought 
necessary ; then divide by the denominator, and point off as 



* Let the given vulgar fractioD, of which the decimal expression is 
required, be fy Then since every decimal fraction has 10, 100, or 
1000, &c. for its denominator, and that the denominator, of one of two 
equal fractions is to its numerator, as the denominator of the other to its 
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many decimal places in the quotient for the answer, as there 
were ciphers annexed. 

EXAMPLES. 

(1.) Reduce ^^ to a decimal. 

4)5-000000 

6)1-250000 

•2083'33 Sic.—Ans. 



(2.) Reduce ^, ^, and f to decimals. Ans, '25, '5, and '75, 
(3.) What is the decimal value of f ? Ans, '375. 

(4.) Required the decimal value of ^. Ans. •04. 

(5.) Required the decimal value of yI^* Ans, '015625. 
(6.) Let a Y/a be expressed decimally. Ans, '071577. 

(7.) Let Y7TW ^® expressed decimally. Ans, -0075231. 

•*i.ii *!. i. ,« . »,..i/v/./^ o 7 X lOOO&c. 7000 &c. 

numerator ; it follows that 13 : 7 : : 1000 &c.: r- = 

13 13 

='53846, the numerator of the decimal required; which is the same as 

by the rule. 

If the right hand figure of the denominator of the fraction to be re- 
duced be an even number, a 0, or a 5, the quotient will consist of some 
exact number of decimals ; but if it be either 3, 7, or 9, there will al- 
ways be a remainder after division ; and consequently the decimal will 
never terminate. In such cases, therefore, the division may be con- 
tinued to as many places of figures only as are thought necessary. 

The following method of converting a vulgar fraction, of which the 
denominator is a prime number, into a decimal, consisting of a great 
number of figures, is given by Colson, p. 162. of his Commentary on 
Sir. I, NewtojCa Treatise ofFluxionSy quarto, 1736. 

A modification of Colson's method of developing an incommensurable 
fraction is given in Maynard's Solutions to Colenso's Arithmetic, (See 
foot note, p. 115.) 

EXAMPLE. 

Let ^ be the fraction which is to be converted into an equivalent 
decimal. 

Then, by dividing in the common way, till the remainder becomes a 
single figure, we shall have i^= *03448^ for the complete quotient ; and 
if this equation be multiplied by the numerator 8, it will give 4 = 
•27584y, or rather 4« -275865^; which being substituted for the frac- 
tion in the first equation, will make ^-« '034482 7 586^. Again, let this 
equation be multiplied by 6, and it will give ^g=s '206896551 7^; and, 
therefore, by substituting as before, ^= -03448275862068965517^; and 
80 on, for any number of figures. 
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CASE n. 



To reduce numbers of different denominations to their 

equivalent decimal values. 

RULE.* 

Reduce both the given number and the integer to which it 
is referred, to the same denomination ; then divide the former 
of these hj the latter, as in the case of a vulgar fraction, and 
the quotient will be the equivalent decimal required. 

Or, 

Write the given numbers perpendicularly under each other, 
in order, from the least to the greatest, for dividends. 

Then, opposite to each dividend, on the left-hand, place 
such a number for a divisor as will bring it to the next superior 
denomination, and draw a line between them. 



* The reason of this rule may be explained from the first example ; 
thus three farthings is \ of a penny, which, brought to a decimal, is '15d. ; 
consequently 9f</. may be expressed by 9 '75c/. \ but 9*75 is fj{ of a penny, 
or-^of a shilling, which, when brought to a decimal, is '812&9. ; and 
therefore 15«. 9|3. may be expressed by 15'8125«. ; in like manner, 
15'8125».B^j\^^of a shilling »^J^ of a pound, which, by bringing it 
to a decimal, is » '790625/. as by the rule. 

It may here, also, be further observed, that the decimal value of any 
number of shillings, pence, and farthings can be found by inspection, as 
follows : 

Put down half the greatest even number of shillings for the first de- 
cimal figure, and the farthings in the given pence and farthings possess 
the second and third places ; observing to increase the second place by 5, 
if the shillings are odd, and the third place by 1, when the farthings ex* 
eeed 12, and by 2 when they exceed 37. 

Thus, the yalue of 15«. 8^. in the decimal parts of a pound, will be 
found as below : 

•7 -Jo/14«. 
•05 for the odd shilling, 
*034 '^farthings in 8kf. 
•001 for the excess of 12, 

•785/. » decimal required. 
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This done, begin with the uppermost number, and set down 
the quotient of each division, as decimal parts, on the right- 
hand of the dividend next below it; and proceed in this manner 
to the last quotient, which will give the answer as before. 

EXAMPLES. 

(1.) Reduce I5s. 9J<f. to the decimal of a pound. 

Here I5s. 9^,^759 farthings, and 20s.=z960 farthings. 
Whence ^J ='790625/. the decimal required. 

Or, 
4300 



12 
20 



9-7500 



15-8125 



•790625/. =^c answer, as before. 

(2.) Reduce 9s. to the decimal of a pound. Ans. '45. 

(3.) Reduce 195. S^d. to the decimal of a pound. 

^w«. -972916'. 
(4.) Reduce 2 qrs. 14 lb. to the decimal of a cwt. Ans. '625. 

The reason of -which rule may be shown thus : As shillings are so 
many 20tk8 of a poond, the half of them must be so many 10^, and 
consequently will occupy the place of 10^ in the decimals; but when 
they are odd, their half will always consist of 2 figures, the first of which 
will be half the even number next less, and the second a 5 ; -\7hich con- 
firms the rule as far as it respects shillings. 

Again, farthings ate so many 960ths of a pound ; and had it happened 
that 1000, instead of 960, had made a poimd, it is plain that any number 
of farthings would have made so many thousandths, and might have 
taken their place in the decimal accordingly : but 960 increased by ^ 
part of itself is = 1000 ; consequently any number of farthings, increased 
by their ^ part, will be an exact decinml expression for them : whence, if 
the number of farthings be more than 12, a 3!, part is greater than ^, and 
therefore 1 must be added ; and when the number of farthings is more 
than 37, a j, part is greater than 1|(/. for which 2 must be added ; and 
thus the rule is shown to be just 

The reverse of this rule, or method of finding the value of any deci« 
mal parts of a pound by inspection, is also as follows: 

Double the first figure, or place of tenths, for shillings, and if the 
second be 5, or more than 5, reckon another shilling; then call the 

G 
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(5.) Reduce 3 qrs. 2 na. to the decimal of a yard. 

Ans. -875. 
(6.) Reduce 17 yds. 1 ft. 6 in. to the decimal of a mile. 

Ans. •0099431'8', 
(7.) Reduce 1 rd. 14 po. to the decimal of an acre. 

Afis. -3375. 
(8.) Reduce 1 gall, of wine to the decimal of a hhd. 

Ans. •0'15873'. 
(9.) Reduce 3 bu. 1 peck to the decimal of a quarter. 

Ans. -40625. 
(10.) Reduce 10 wk. 2 da. to the decimal of a year. 

Am. -1 '97802'. 
(11.) Reduce 10 oz. 18 dwts. 16 grs. to the decimal of a lb. 

^w#. •91'1111. 

CASE in. 

To find the value of any given decimal in terms of the 

integer. 

RULE. 

Multiply the given decimal by the number of parts in the 
next less denomfnation, and point off as many places to the 
right-hand as there are places in the decimaL 

Then multiply the figures so pointed off, by the parts in 
the next inferior denomination, reserving as many places to 
the right-hand as before ; and proceed in this manner through 
all the denominations to the last, when the several figures 
standing on the left of the decimal point will be the answer 
required. 

EXAMPLES. 

(1.) Find the value of -37623 of a pound. 



figures in the second and third places, after 5 is deducted, so many far- 
tUngs, abating 1 when they are above 12, and 2 when above 37, and the 
result will be the answer. 

Thus, the value of '785Z. may be found by inspection, as below. 
14«. . , 'mdoubleofl. 
1«. . . for the 5 in the place of tenths. 
08. ^\d, SB 35 farthings, 
08. ]d for the excess of 12, abated, 

15«. syi,^ the answer. 
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•37623 
20 



ShUlings 7-52460 

12 



Pence 6*29520 

.4 



Farthings 1 -18080 Ans. 7s. S^d. ^^. 

(2.^ What is the value of -625 of a shilling ? Ans. 7id. 
(3. ) Required the value of -83229 of a pound. Ans. I6s. 7f<f. 
(4.) Required the value of '6725 of a cwt. • 

Ans. 2 qrs. 19 lb. 5 oz. 
(5.) What is the value of -61 of a pipe of wine ? 

Ans. 1 hhd. IS gal. 3 qts. 
(6.) What is the value of '0625 of a barrel of beer ? 

• Ans. 2 gal. I qt. 

(7.) Required the value of -67 of a league ? 

Ans. 2 mi. Ofur. 3 po. 1 yd. 3 in. 2 bx. 
(8.) Required the value of -42857 of a month ? 

Ans. 1 we. 4 da. 23 ho. 59 min. 56-^ sec. 
(9.) It is required to find the value of -785 of a year, con- 
sisting of 365:^ days. Ans. 286 da. 17 ho» 18f min. 



RULE OF THREE IN DECIMALS. 

^ BULE. " 

State the question as in the common rule of three, and 
reduce the inferior denominations of such of the terms as are 
compound, to the decimal parts of their integer, and the first 
two terms to the same denomination. 

Then multiply the two last terms of the proportion together, 
and divide the product by the first term, and it wiU give the 
answer, in the same denomination that the last term was re* 
duced to. 

EXAMPLES. 

(1.) What is the value of 57f yards of muslin, at ll^, 6d. 
per ell? 

o2 
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\'26yd. : 57-75 t/ds, :: 11-5*. 

11-5 



XKf UllU tUC 

4)3-00 
•75=i 


yd. 
1-25 


28875 
5775 
5775 


(20) 
531-3 


12)6-0 


l-25)664-125( 
625- 

391 
375 

162 
125 

375 
yds. 375 


•5= A 

An ell= li 
4)1-0 

'25 =i 


£26-565 
20 


s. 11-300 
12 


d. 3-600 

4 


/ar. 2-400 



Ans.i6l.Us.S^.i/. 

(2.) If an oz. of silver cost 5s. 6^. what is the price of a tankard 
that weighs 1 lb. 10 oz. 10 dwts. 4gr.? Ans. 61, 3s. 9^. 

(3.) If I buy 14 yards of cloth for 10 guineas, how many 
ells Flemish can I purchase for 283/. 17 s. 6d. at the same 
rate ? Ans. 504 ells, 2 grs, 

(4.) What is the value of a pack of wool, weighing 3 cwt. 2 qrs. 
19 lb. at II 2s. 6d. per to(3^of 14 lb. ? Ans. 33/. Os. S^d. ^f. 

(5.) If 250/. 10^. gain 12/. \0s, 6d. in 12 months, what prin- 
cipal will gain an equal sum in 7^ months ? Ans. 400/. 16^. 

(6.) How many English ells of Holland may be bought for 
25/. 18*. 1 j</. at 7*. 9^. per yard ? Ans. 53 Eng.elU, 1 qr. 

(7.) If the carriage of 4^ cwt. of goods, for 50 miles, cost 
1/. 2s. 9c/., how far can I have 14|- cwt. carried for the same 
money? Ans. 15 mi. 6 fur. 12 po. 3 yds. I ft. 5 in. 

(8.) If 1 Eng. ell, 2 qrs. of muslin cost 4s. 7d., what will 
39^^ yards cost ? Ans, 51. 3s. 5^d. ^f. 

(9.) Bought 12 pockets of hops, each weighing 1 cwt. 2 qrs. 
17 lbs., what do they come to at 51, Is. 4d. per cwt. ? 

Ans. 100/. Ss. 6^d. ^f. 
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Cirtulatmff JBetimals!* 

CmcuLATiNG or REGURRiNa Decimals, are such as are 
distinguished by the continual repetition of the same figure or 
figures.* 

1. A simple circulate^ or repetend, is that where one figure 
only is repeated, as '111 &c. or '333 &c. ; which are denoted 
by -r and -3'. 

2. A compound circulate, or repetend, is that which has the 
same figures circulating alternately; as '0101 &c. '123123 &c. 
which are denoted by 'O'l' and •1'23'. 

3. A mixed circulate, or repetend, is that which has othft 
figures in it besides those that are repeated: as '28333 &c. and 
5-2321321 &c.; which are represented by '283' and 5-23'2r 



REDUCTION OF CIRCULATING DECIMALS. 

CASE 1. 

To reduce an unmixed simple or compound repetend to its 

equivalent vulgar fraction. 

RULE.f 

Take the significant figures in the given decimal, considered 
as whole numbers, for the numerator, and as many nines as 
there are recurring places in the repetend for the denominator; 

* Circulating decimals are produced from such vulgar fractions, as, when 
their numerators are divided by their denominators, will never ter- 

• * *!. 2 2-0000 &c ., _ - „ ^ J • /: V A-i 3-000000 &c. 
mmate ; thus J -■ = 'C'ee &c. ad infinitum^ and if = 

=*s -4'2857 1^42857 1 &c., where the figures 428571 will be repeated with- 
out end. 

And although the repetends of many expressions of this kind will con- 
sist of a great number of figures, yet every circulating decimal whatever 
is equal to some vulgar fraction, and vice versa, 

t If unity, with ciphers annexed to it, be divided by 9 ad infinitum, 
the quotient will be 1 continually ; t. e. if k be reduced to a decimal, it 
will produce the circulate *V; and since r is the decimal equivalent to 
J, we shall have -2' = J, '3'= J, and so on till •9'=g = l. 

Hence, every single repetend is equal to a vulgar fraction, whoRC 
numerator is the repeating figure, and denominator 9. 

Again, jg and ^, being r^uced to decimals, make 'O'l'OIOI &c. and 

a 3 
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observing only, that when there are any integral figures in the 
circulate, as many ciphers must be annexed to the numerator 
as the highest place of the repetend is distant from the decimal 
point 

EXAMPLES. 

(1.) Required the least vulgar fraction that is equal to *6'. 

Here '6'=^ =f =Me answer, 
(2.) Required the least vulgar fraction that is equal to '^'&, 
Here •3'6'=ff =^=Mc answer, 

(3.) It is required to reduce '3' to its equivalent vulgar 
Imction. Ans. ^. 

(4.) It is required to reduce •0'9^ to its least equivalent 
vulgar fraction. Ans. ^, 

(5.) It is required to reduce •0'4' to its equivalent vulgar 
fraction. Ans, ^. 

(6.) Required the least vulgar fraction that is equal to 
•7'6923(y. Ans, \%, 

(7.) It is required to reduce 2''06' to its equivalent vulgar 
fraction. Ans, ^^^. 

(8.) It is required to reduce •1'42857' to its least equivalent 
vulgar fraction. Ans, |. 

(9.) It is required to reduce 4'2'63' to its equivalent vulgar 
fraction. Ans, ^%%\%^ * 

GASEn. 

To reduce a mixed circulate or repetend to its equivalent 

vulgar fraction. 

RULE.* 

Subtract the finite part of the expression, considered 
as a whole number, from the whole mixed repetend, taken 
in the same manner, for the numerator; and to as many 



•COl'OOl &c, ad infinitum, which are* -Cl' and -O'Cl'; that is, i= 'O'l' 
andBJ^-'D'Ol'; consequently i=-0'2' ; ji=-0'3'&c.; and 5J5=-0'02'; 
^=*(y03' &c. ; and the same will hold universally. 

* The reason of the rule for a mixed circulate, is similar to that for 
a simple one ; for if we consider it as separated into its finite and 
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nines as there are repeating places in the circulate, annex 
as many ciphers as there are finite decimal places for the 
denominaUnr. 

EXAMPLES. 

(1.) What is the vulgar fraction equivalent to '138'? 
TT 100/ 138-13 125 5 , 

(2.) Required the vulgar fraction equivalent to 2*4r8^ 

„ 2418-24 2394 1197 133 „23 , 

^'''' 990 =990 = 495=-55~=^55='^" ^''"^"^- 
(3.) Required the least vulgar fraction equivalent to '02$'. 

26—2 24 8 2 
Here ^Q'^-^^=—^—=^=th^ answer. 



circulating parts, the same principle will be seen to run through them 
both. 

Thus the mixed circulate *16' consists of the finite decimal *1, and the 
repetend '06': but '1 =t\j, and 'OG'ss'l x '6'=^ x J-»jJj, whence the deci- 
mal '16' is equal tOi\j + p^«=ft + i5,*=JJ=— ~— , ^hich is the same as by 

the rule; and a similar mode of reasoning will hold in all other cases. 

It may here also be observed, that the truth of the answer, in either of 
these rules, may be proved, by converting the vulgar fhustion into its 
equivalent decimal. 

If it should be required to find whether tlie decimal equivalent to a 
given vulgar fraction be finite or infinite, and how many places the repe- 
tend will consist of, it may be done by the following rule : 

Reduce the given fhuition to its least terms, and divide the denominator 
by 10, 5, and 2, in their order, each as often as possible ; then if the 
whole denominator, vanish after these divisions, the second will be finite; 
as is always the case with every vulgar fraction, whose denominator 
is 2, 5, or their multiples. But if there be a remainder, divide 9999 &c. 
by the result last obtained, till nothing remains, and the number of 
9's used will show the number of places in the repetend ; which will 
begin after as many places of figures as there were 10*s, 5's, and 2*s 
divided by. 

The reason of which rule may be shown thus: 

In dividing 1*0000 &c. by any prime number, except 2 or 5, the figures 
in the quotient will begin to repeat over again as soon as the remainder 
is 1 ; and since 9999 &c. is less than 10000 &c. by 1, therefore 9999 &c. 
divided by any number except 2 and 5, or their multiples, will leave for 
a remainder, when the repeating figures are at that period. But what- 
ever number of repeating figures we have when the dividend is 1, there 

q4 
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(4.) What is the least vulgar fraction equivalent to '53' ? 

Ans. -j^. 
(5.) What is the least vulgar fraction equivalent to •59'25' ? 

Ans. 4f . 
(6.) Required the least vulgar fraction equivalent to •0098 7'. 

(7.) Required the least vulgar fraction equivalent to 

4-75'43'. ^ Ans.:{m. 

(8.) What is the least vulgar fraction equivalent to 

•0084'97133' ? Ans. ^ff^. 

ADDITION OF CIRCULATING DECIMALS. 

RULE. 

Convert the given decimals into their equivalent vulgar 
fractions, by the methods already explained, and find their 
sum according to the rule for the addition of vulgar frac- 
tions ; then this sum, reduced to decimals, will give the 
answer required. 

EXAMPLES. / 

(1.) It is required to add together '3' and •1'35^ 

r 

will be exactly the same number when the dividend is any other number; 
for the product of any circulating number, by any other given numberi 
will consist of the same number of repeating figures as before. 

Thus, let *5'076'5076 &c. be a circulate whose repeating part is 5076 ; 
then every repetend (5076) being equally multiplied, must produce the 
flame product: for though these products will consist of more places, yet 
the overplus in each, being similar, will be carried to the next, by which 
means each product will be equally increased, and consequently every 
four places will continue alike ; and the same will hold for any other 
number. 

Hence, it appears, that the dividend may be altered at pleasure, pro- 
vided it be stUl prime to the denominator, and the number of places in 
the repetend will still be the same ; thus ^= '0'9', and -j^, or -ff x 3 »*2'7^ 
where the number of places in each are alike : and the same will be true 
in all other instances. 

The rule is chiefly of use in certain cases where the determination of 
the repetend, by common division, when it consists of a great number 
of places, would be found very troublesome ; as, for instance, in con- 
verting ^ to its equivalent circulating decimal, which is:»'00'd448275 
86206896551724137931' : and other fractions might be given, where the 
repeating figures of its equivalent decimal would be still more nume- 
rous ; but every vulgar fraction whatever is equal to some decimal ; 
which is either finite, or a simple, compound, or mixed repetend. 
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Here '3'=?=^ and -1 '35'= ^^f =4^=4- 
9 3 999 333 37 

Whence ^ + ^= ^'^ + ^^ =^=4/68'=^^ answer. 

(2.) Required the sum of -3^6' and •0'9'. Ans. ^'S'. 

(3.) Required the sum of & and •r42857'. Ans. •8'09523'. 
(4.) Required the sum of -3', •9'45', and •7'69230'. 

Ans. 2O'48510^ 
(5.) Required the sum of 67-3'45', 8-6'21', •2'4', and -8'. 

Ans. 77-0'98280'. 
(6.) Find the sum of -5', '2'5\ 17-47', 9-6'5r, and 67-34'5'. 

Ans. 95-28'29647'. 



SUBTRACTION OF CIRCULATING DECIMALS .♦ 

RULE. 

Convert the given decimals into vulgar fractions^ as in 
addition, and find their difference according to the rule for 
the subtraction of vulgar fractions; then this difference, 
reduced to a decimal, will be the answer required. 

EXAMPLES. 

(1.) Find the difference of 4.75 and -375'. 

Here 4-75=54|, and .375'=?^^^;=???=1^. 
* 900 900 450 

Hence 4|-^=4?|^=4-374'=^e answer. 
* 450 900 

(2.) From •42'7' take •03'4'. Ans. •39'2'. 

(3.) From 24-38'4' take 9-07'2'. Ans. 15-31'2'. 

(4.) From 82-8'546' take 8-7'2'. Ans. 74-l'274'. 

- (5.) From 476-32' take 847697'. Ans. 391*5524'. 

(6.) From 3-856'4' take -0382'. Ans. 3-8182'4'. 

(7.) From 127-4627' take 4'8-6'. Ans. 78-8141'29'. 

* As the circulates, both in this rule and those of addition, mnhi- 
plication, and division, are converted into vulgar fractions, the reason of 
the operations, in each of these cases, is obvious ; and though they are 
not so concise, in some cases, as those arising out of the rules given by 
several authors on this subject, it is presumed that they will be found 
more clear and satisfactory to the learner. 

05 



130 TffULTIPLICATION OF CIRCULATING DECIMALS. 



MULTIPLICATION OF CIRCULATING DECIMALS. 

BULE. 

Convert both the factors into their equivalent vulgar frac- 
tions, and find the product of those fractions as usual ; then 
reduce the vulgar fraction, expressing the product, to an 
equivalent decimal, and it will be the answer required. 

EXAMPLES. 

(1.) Multiply -S'e' by -23'. 

Herice rj x ^=qq^=09'2'= the answer. 

(2.) Multiply 37-23' by -26'. Ans. 9-928'. 

;3.) Multiply 7-7'2' by •2'97'. Am. 2-2'97'. 

4.) Multiply 3-973' by 8. Am. 31-7'9r. 

;5.) Multiply 8574-3' by 87-5'. Am. 750730-5'18'. 

(6.) Multiply 48-76 by 3'2-41'. Am. 1580-4'696'. 

(7.) Multiply 39640 by •7'0503'. Am. 27947 -6'6867'. 

(8.) Multiply 74-0367 by 4-75'. Am. 35208564. 
(9.) Multiply 421-4'21' by -002'. 

Am. •9'3649204760315871426982538O'. 



DIVISION OF CIRCULATING DECIMALS. 

RULE. 

Convert both the divisor and dividend into their equivalent 
vulgar fractions, and find their quotient as usual ; then reduce 
the vulgar fraction, expressing this quotient, to its equivalent 
decimal, and it will be the answer required. 

EXAMPLES. 

(1.) Divide -6' by 2-3'. 

TT «/ ^ 2 ,^., 23-2 21 7 
Here '6' =5=5, and 2.3'=-^=^=3. 

Hence 0-^0=0 X ^=5;= •285714'=Mc amwer. 
3 3 3 7 7 
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(2.) Divide 3394-626' by 764-5'. Ans. 4-44. 

(3.) Divide -042 by -036'. Ans. M4'5'. 

(4.) Divide 6-188'10' by 4-2'97'. Ans, 1-44. 

(5.) Divide 5-7648' by -68. Ans. 8*47'. 
(6.) Divide 234*6' by -7'. Ans. 301-7'14285'. 

(7.) Divide 1327-8719' by 7-684'. Ans. 172-8. 

(8.) Divide 41-9'717' by 34- r 234'. Ans. 1-23 



lauolretimals!/ 

Duodecimals, or Cross Multiplication, is a rule made use 
of by workmen and artificers, for finding tlie contents of their 
works. 

In which cases, the dimensions are usually taken in feet 
and inches, and the contents are estimated in square feet or 
square inches. 

Several kinds of artificer's work are computed by difierent 
measures, viz. 

1. Glazing and mason's fiatwork, by the foot. 

2. Painting, paving, plastering, &c. by the yard. 

3. Partitioning, flooring, roofing, tiling, &c. by the square 
of 100 feet. 

4. Brickwork, &c. by the rod of 16^ feet, the square of 
which is 272i. 

Note, Bricklayers always value their work at the rate of a 
brick and a half thick ; and if the wall be more or less, it must 
be reduced to that thickness. 

BULE. 

1. Set the two dimensions that are to be multiplied to- 
gether, one under the other, so that feet may stand under 
feet, inches under inches, &c. 

2. Multiply each term in the multiplicand, beginning at 



♦ Duodecimals are fractions whose denominators are 12, or its mul- 
tiples: the division and subdivision of the integer being '[2thsy instead of 
lOths, as in the decimal scale ; so that what are commonly called inches, 
in any result, are so many \2tJis of a square foot ; the parts so many 
square inches, or lAAths of a square foot, and so on. 
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the lowest, bj the feet in the multiplier, and set the results 
under their corresponding terms, observing to carry 1 for 
every 12, from each lower denomination to the one next 
higher. 

3. Multiply, in like manner, all the terms of the multiplicand 
by the inches in the multiplier, and set the result one place 
farther to the right than that of the product by the feet, 
carrying 1 for every 12, as before ; and so on, for any lower 
denomination : then the sum, found as in compound addition, 
will be the answer required. 

Or, instead of multiplying by the several denominations, as 
above, take such aliquot parts of the multiplicand as there 
are of a foot, and add the several results together, as before, 
for the answer. 

EXAMPLES. 

(1.) Multiply 4 ft. 7 in. by 6 ft. 4 in. 

Aft. 7 in. Or 4ft. 7 in. 

6ft. 4 in. 6 



27 . 6 27 . 6 

1 . 6 . 4 tn. 4 2;^. ^ 1 . 6 . 4 in. 



29 ft. pis. 4 in. ^the Ans. 29 ft. pts. 4 in. = Ans. 



(2.) Multiply 13 ft. 3| in. by 5 ft. 5 J in. 

13//. 3|f«. 
5 



66 . 6| 

4 in. i 4 . 5^ 

1 in. i 1 . 1 A 

iin.l . 6U 



72ft. 7^pts.=zAns. 

(3.) Multiply 9 ft 6 in. by 4 ft. 7 in. Ans. AZft. 6\pts. 
(4.) Multiply 12 ft. 5 in. by 6 ft. 8 in. Ans. b2ft. 9l pts. 
(5.) Multiply 35 ft. 4^ in. by 12 ft. 3 in. 

Ans. 4SS ft. 4i pts. 
(6.) Multiply 64 ft. 6 in. by 8 ft . 9^ in. Ans. 565 ft. S^pts. 



DUODECIMALS. 133 

(7.) What is the price of a marble slab, whose length is, 
5 fit. 7 in. and breadth 1 ft. 10 in., at 6s. per foot? 

Ans, 3/. Is. 5d. 

(8.) A room is to be ceiled, whose length is 74 ft. 9 in. and 

width 11 ft. Gin. : what will it come to at Ss. lOd. per yard? 

Ans. 18/. 6#. ]p.|/. 

(9.) What will the paving a court-yard come to at 4|i/. 

per yard, the length being 58 ft. 6 in. and breadth 54 ft. 9 in.? 

Ans. 71. Os. 104^. f / 
(10.) A room is 97 ft. 8 in. about, and 9 ft. 10 in. high, 
what will the painting of it come to at 2s. 8|€f. per yard ? 

Ans. 14/. ns.2id.\^f. 
(11.) A piece of wainscotting is 8 ft. 3 in. long, and 6£t. 6 in. 
broad : what wjill it come to at 6s. 7^ per yard ? 

Ans. II. I9s. 5^. f/. 

(12.) A house has 3 tiers of windows, 3 in a tier ; the height 

of the first tier is 7 ft. 10 in., of the second 6 ft. 8 in., and of 

the third 5 ft. 4 in., and the breadth of each is 3 fit. 1 1 in. : what 

will the glazing of them come to at I4d. per foot? 

Ans. 13/. 11*. lOJi/. ^/. 

(13.) What will the tiling of a barn cost at 25s. 6d. per 

square, the length being 43 ft. 10 in. and the breadth 27 ft. 5 in. 

on the flat, the eave boards projecting 16 inches on each 

side ? Ans. 24/. 9s. 5^1. ^f. 

(14.) How many square rods (272 J sq.ft^l sq. rod) are 

there in a wall 62^ ft. long, 14 ft. 8 in. high, and 2^ bricks 

thick ? Ans. 5 rods, 166 sq.ft. 76 sq. in, 

(15.) K a garden wall be 254 feet round, and 12 ft. 7 in. 

high, and 3 bricks thick, how many rods does it contain ? 

Ans. 23 rods, 130 sq.ft. 84 sq. in. 



lEnboIutton, or tbe i^atscmff of ^otoer^. 

Involution, or the raising of powers, is the method of 
finding the square, cube, &c. of any given number. 

A power of a number, is the product arising from multi- 
plying it by itself, a certain number of times. 

The index, or exponent, of a power, is the number that 
denotes that power. 

Thus, 4 X 4=4* s= 16 = the square of 4 j and 5 x 5 x o =5' 



13(V0LCTION, OB THS 



Multiply the given number once hy itself, for the square ; 
twice byitaelf, for the cube; three times, for the fourth power-, 

Or, if it be a high power that is to be found, multiply any 
two or more of the inferior powers together that will produce 
that power, and the result will give the answer, as before. 

BXAUFLES. 

(1.) It is required to find the square of 13. 
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1024 


4096 


16384 


65536 


262144 


laS 
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3125 


15625 


78125 


390B25 


1953125 
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S16 


1296 


7776 


46656 


279936 


1679616 


1O0776B6 


343 


3401 


10807 


117649 


B23543 


5764801 


40353607 


6\-2 


4096 


32768 


262144 


2097152 


16777216 


134217728 


_m 


t 


59049 


531441 


47629fl.. 


43046721 


387420489 



INVOLUTION, OR THE RAISING OF POWERS. 

(2.) Required the 3rd and 4th power of 19. 

19 
19 



135 



171 
19 



361 the square, 
19 



3249 
361 



Ist Ans,=i6S59 the cube^ or third power, 
19 



61731 
6859 



2nd Ans,= 130321 the fourth power. 



(3.) It is required to find the 5th power of 1 1. 

11 Or, 11 

11 11 



121 
11 

1331 
121 

1331 
15972 


121 
121 

121 
242 
121 


14641 
11 


161051 :=Ans. 


161051 





(4.J It is required to find the 3d power of 35. Ans. 42875. 
{5.) It is required to find the 4th power of f . Ans, ^5^. 
(6.) It is required to find the 5th power of <)29. 

Ans. -000000020511149. 
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(7.) It is required to find the 6th power of 6*03 

Ans. 48073-293078275529. 
(8.) It is required to find the 7th power of 3f. 

Ans. ^^jgf|g7% or 5252-3350144. 

efaolution, or tfet ©rtrartutjj of aploote^* 

Evolution is the reverse of Involution ; being the method 
of finding the square root, cube root, &c. of any given 
number. 

The root of any number, or power, is such a number, as 
being multiplied into itself a certain number of times will 
produce that power. 

Thus 2 is the square root of 4, because 2 x 2=4 ; and 4 is 
the cube root of 64, because 4 x 4 x 4= 64 ; and so on. 

Any power of a given number may be found exactly, but 
there are many numbers of which a given root cannot be ac- 
curately determined ; although, by means of decimals, we can 
approximate towards it, to any assigned degree of exactness. 

An incomplete root of this kind is called a surd root, and 
one which is perfectly accurate is called a rational root. 

Thus, the square root of 2 is a surd root ; but the square 
root of 4 is rational, being equal to 2 : also the cube root of 
8 is a rational root, being equal to 2 ; but the cube root of 9 
is a surd, or such as cannot be exactly found. 

* Roots are sometimes denoted by writing the character ^/ before 
the number, or power, with the index of the root against it : thus, the 
square root of 70 is \/70, and the cube root of it is ^70 ; the index 2 
being always omitted when the square root is designated. 

If the root consists of several numbers, with the sign + or— between 
them, the numbers are usually placed within parentheses, to show that 
the root of the whole is to be taken ; thus the square root of 4 + 3 is 
V(4 + 3), and the cube root of 28- 13 is -5^(28-13). 

But roots of all kinds are frequently designated like powers, by means 
of fractional indices placed at the right-hand comer of the number. 

Thus, the square root of 5 is denoted by 5^ the cube root of 19 by 19^ 

and the fourth root of 40 - 12 by (40 - 12)*, &c. The reason of which 
method is sufficiently plain : for since Va is a geometrical mean between 

1 and a, so ^ is an arithmetical mean between and 1 ; and therefore as 

2 is the index of the square of a, ^ will be the proper index of its square 
root ; and in the same manner it will appear that } is the proper index 
of the cube root of a, \ of the biquadrate of a, and so on. 
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TO EXTRACT THE SQUARE ROOT OF A GIVEN 

NUMBER. 

RULE.* 

1 . Divide the given number into periods of two figures 
each, by putting a point over the place of units, another over 
the place of hundreds, and so on, over every second figure, to 
the left in integers, and to the right in decimals. 

2. Find the square root of the first period, or if it has no 
exact root, that of the square number next less, and set it on 
the right hand of the given number, after the manner of a 
quotient figure in division. 

3. Subtract the square of this part of the root, from the 



* In order to show the reason of the rule, it will be proper to premise 
the following : — 

Lemma. The product of any two numbers can have at most but as 
many places of figures as are in both the factors, and at least but one 
less. 

The truth of which may be shown thus : Take two numbers consisting 
of any number of places of figures, that shall be the least possible of 
those places viz. unity with ciphers, as 1000 and 100; then, their pro* 
duct will be 1 with as many ciphers annexed as are in both the numbers, 
viz, 100000 : but 100000 has one place less than 1000 and 100 together 
have; and, since 1000 and 100 were taken the least possible, the pro- 
' uct of any other two numbers, of the same number of places, will be 
greater than 100000 ; consequently the product of any two numbers can 
have, at least, but one place less than both the factors. 

Again, take two numbers, of any number of places of figures, that 
shall be the greatest possible of those places, as 999 and 99. Then, 
since 999 x 99 is less than 999 x 100, and 999 x 100 (» 99900) contains 
only as many places of figures as are in 999 and 99, it is evident that 
999 X 99 or the product of any other two numbers consisting of the 
same number of places, cannot have more places of figures than are in 
both its factors. 

Hence, a square number cannot have more places of figures than 
double the places of the root, and, at least, but one less. And a cube 
number cannot have more places of figures than triple the places of the 
root, and, at least, but two less : whence the method of pointing the 
figures for the square and cube root is obvious. 

Having premised this, the truth of the rule may be shown algebraically, 
thus: 

Suppose N, the number whose square root is to be found, to consist of 
two periods, and let the ^gures of the root be denoted by a and 6, 

Then (a + by^^a- + 2ab + 6* =n, the given number ; and to find the 
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said period, and to the remainder annex the following period, 
for a dividend. 

4. Double the figure of the root above found for a divisor, 
and find how often it is contained in the dividend, exclusive 
of the place of units ; and set the result both in the quotient 
and divisor. i 

5. Subtract the product of this quotient figure and the 
divisor, thus augmented, from the dividend, and bring down 
the next period to the remainder, for a new dividend. 

6. Divide this new dividend by double the figures already 
in the root, for another figure ; and proceed in this manner, 
through all the periods to the last ; observing that there will 
be as many integral figures in the root as there are points 
over the integral part of the given number, and as many de- 
cimals as there are points over the decimal part 

It is also to be remarked, that when the figures belong- 
ing to the given number are exhausted, the operation may 
be continued at pleasure by annexing two ciphers to the 
remainder, for each operation; and that the best way of 
doubling the root is by adding the last figure of it to the last 
divisor. 

EXAMPLES. 

(1.) Required the square root of 5499025. 



sqoare root of n is the same as to find the square root of a* + 2ab + 6-; 
the method of doing which is as follows : 

\8t divisor a)a^ + 2ab + b\a + h the root= a/n 



2nd divisor 2a + b)2ab + b* 

2ab + l^ 



Or the same may be shown universally, thus : 
(a + b + c + d+e&c.y = a^+{2a + b]b+{2(a + b) + c]c+{2(a + b + c) 

'^d}d+ [2\a + b+ c + d) + e}e &c 

Or, 

(a + i + c + d + e&c)*«a'+(2a + 6)i + (A + 6 + c)c + (B + c + c/y + (c + rf 

+ e)e &c. 
Where it is to be observed, that a is the coefficient of b in the 2(1 
term, b that of c in the 3d term, c that of d in the 4th term, and so on ; 
which is the same as the rule. 
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139 



6149190125(2345 the rooU^Ans. 
4=2x2 



43 
3 



149 
129=43 X 3 



464 

4 



2090 
1856=464x4 



4685)23425 

23425=4685 x 5 



Note 1. When the root is to be extracted to a considerable number of 
places, the work may be abbreviated, thus : 

Proceed in the extraction after the common method, till you have 
found half the required number of figures in the root, -when they are 
even, or one more than half, when they are odd ; and for the rest divide 
the last remainder, with the other part of the number annexed to it, 
by its corresponding divisor, and the two results, when united, will be 
the answer. 

m 

(2.) Required the square root of 14876-2357. 

l|48|76l-23|57(121-96 



22 
2 



48 
44 



241 
1 



476 
241 



2429 



23523 



921861 



24386 166257 
6146316 



24392)19941(8175 

427 

183 

12 



Hence, 121*968175 is the root required. 
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Note 2. An easy and expeditions method of extracting the square 
root, where the given number does not exceed eight figures, by means 
of Barlow's New Mathematical Tables. {See Table L, Svo. ed. 1814.) 

A similar method also is given for extracting the cube root at p. 149. 

EXAUFLE 1. 

Find the square root of '3236068 to seven places of decimals. 

First, hook for the nearest less square tabular number to the given 
number ('32360680) in column 3., Table /., page 95., and it will be found 
to be -32353344, observing at the same time the root or number '5688 in 
column 1., which corresponds to it Then subtract this nearest less square 
tabular number from the given number (viz. '32360680 and -32353344), 
and the difference equals '00007336 ; now make this difference a di- 
vidend, and place the root '5688 in the quotient, and double it for a 
divisor ; then proceed by common simple division to obtain the answer. 
Thus, 

'32360680 the number in the example. 
'32353344 the nearest less tabular square number. 

1-1376)'000073360 ('5688644 =^n«. 
68256 2 



51040 1'1376 the divisor. 
45504 



55360 
45504 cf 

9856 

EXAMPLE 2. 

Find the square root of 320*3644 to five places of decimals. 

320-3644 
3200521 



35'78 


) 


•31230 ( 
28624 


17-89872: 
2 


=Ans. 




26060 
25046 - 


35-78 the 


divisor. 




10140 
7156 






2984 
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(6.) Required thesquare root of 368863. ^im. 607-34092 ^c. 

(7.) Required the square root of 3-1721812. 

Ans. 1-78106 ^c. 

(8.) Required the square root of ^. Ans. '645497 Sfc, 

(9.) Required the square root of 6f . Ans. 2*5298 S^c. 

(10.) Required the square root of 10. Ans. 3-162277 ^c 
(11.) Required the squareroot of -00032754. Ans.OlSOD^c. 



€i)t (Sj:ttuttion of tl^e €\xbt ^ooU 

RULE 1.* 

1. Separate the given number into periods of three figures 
each, by putting a point over, every third figure from the 
place of units, towards the left-hand in integers, and to the 
right-hand in decimals. 

2. Find the cube root of the first period, or if it has no 
exact root, the one next less, and set it on the right-hand of 
the given number, after the manner of a quotient figure in 
division. 

3. Subtract the cube of this figure of the root, from the 
said period, and to the remainder annex the following period ; 
which call the resolvend. 

4. Under this resolvend, put three times the figure of the 
root above found, and three times its square, observing to 
remove the latter one place to the left ; and call their sum 
the divisor. 

5. Seek how often this divisor is contained in the resolvend, 
exclusive of the place of units, and set the result in the quo- 
tient next after the figure of the root before found. 

6. Under the divisor put the cuber of this last quotient 
figure, the square of it multiplied by three times the former 
figure or figures, and the triple of it by the square of the 



• The reason of pointing the given number, as directed in the rule, is 
obvious from what has been said in the lemma made use of in demon- 
strating the square root ; and the rest of the operation will be best un- 
derstood from the following analytical process : 

Suppose N, the given number, to consist of two periods, and let the 
figures in the root be denoted by a and b. 

Then (a + by = a' + 3a b + Zabi^ + 6» = n = the given number j and to 
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former, each removed one place to the left, and call their sum 
the subtrahend. 

7. Subtract the subtrahend from the resolvend, and to the 
remainder bring down the next period for a new resolvend, 
with which proceed as before ; and so on, till the whole is 
finished ; olwerving that the last figure of the root, in each 
operation, must be so taken that the subtrahend shall be less 
than the resolvend. 

Or the same may be done otherwise, thus : 

1. Point the given number, and find the first figure of the 
root as before. 

2. Subtract the cube of the first figure of the root, thus 
found, from the first period on the left-hand, and annex the 
following period to the remainder for a dividend. 

3. Divide this dividend by 3 times the square of the figure 
of the root above determined, and the first figure of the quo- 
tient will be the second figure of the root. 

4. Subtract the cube of these two figures of the root from 
the first two periods on the left, and to the remainder annex 
the following period, for a new dividend, which divide bj three 

find the cube root of n is the same as to find the cube root of a' + Sa*b 
+ 3c^ + 6*; the method of domg which is as follows : 

a' + Sa'b + Sabi' + bXa + bihe root 



a* 




Sa'b 


+ 3ab' + b^ raolvend. 


3a* 


+3a 


3a* 


+ 3a divisor . 


3a'b 


+ 3aA* 


Sa'b 


+ 3abr + b^ gubtrahem 



Or, the truth of the rule may be shown universally, thus : 
(a + i + c + d&c.y=a*+ {3a* + 3a6 + ^} 6 + {3(a + 6)* + 3c(o + i) + c*} c 
+ {3ia + b-kcy + 3d(a + b + c)+dP}d,&c, Or, 
(a + 6 + c + rf&c.)*«a*+ {3a* + 3a6 + 6*}6+ {A + 2b(a + b)+ab + Se 
(a + 5)+c*}c-*- {B + 2c(a + bi-c) + c{a + b) + Sd(a + b + c) + tP}d &c 
Where a is the coefficient of 6 in the 2d term, b that of c in the 3d 
term, c that of ci in the 4th term, and so on. 
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times the square of the part of the root thus found ; and so 
on till the whole is finished. 

Note, The same' rule must be observed for continuing the 
operation and pointing for decimals as in the square root, ex- 
cept that, in this case, three ciphers must be annexed to the 
remainder instead of two. 

(1.) Required the cube root of 48228544. 

481.2281544(364 Am. 

27=33 =3 X 3 X 3=a^, because a=3. 

21228 resolvend=i3a^b-\'3ab^+b^. 



9=3x3=3a 
27 =3x33=3x3x3 = 3a2 



279 divisor =z3a^ + 3a. Then b=6. 



216=63=6x6x6 = ^3 

324 =3x3x62=9x6x6=30^3 
162 =3x33x6=3x3x3x6=3^2^ 



19656 suberahend=^3a^b-\-3ab^ -\-b^. 



1572544 second resolvend, 

Here beginning again with the formula, a =36 

108=3 X 36=3a 
3888 =3x363=3x36x36=3^3 



38988 second divisor = Za^ + 3a. Then ft=4. 



64=43=4x4x4=^3 
1728 =3x36x43=30^3 
15552 =3 X 363 x 4=3 x 36 x 36 x 4=3^3^ 



1512^^4: second subtrahendz=zZaH-\-Zab^-^b^, 



In the above solution it may be seen that the Editor has 
arranged the numbers according to the formula ; and in the 
new edition of the ** Key" it will be seen that he has adopted 
the same principle, in order to show one uniform system of 
solution. 
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48;228|544(364 


3 

6 

96 
102 
1084 


9 
27 

3276 
3888 
389136 


27 


21228 
19656 


1562544 



1556544 



(2.) Required the cube root of 41278-242816 by the latter rule. 

41|278|-242 816(34*56 root ^Ans. 
27 

3«x 3=27)14278(4 



41278 
34»= 39304 



34«x 3=3468)1974242(5 

41278242 
345«=41063625 



345« X 3 = 357075)214617816(6 



41278242816 
3456^ = 41278242816 



A NEW METHOD OF EXTRACTING THE CUBE ROOT OF 

ANY GIVEN NUMBER.* 

BULE 2. 

First Divide the given number into periods of three 
figures each, as in the common method, and find the nearest 
cube to the first period, subtract it therefrom, and put the 
root in the quotient ; then thrice the square of this root will 
be the trial divisor for finding the next figure. 

Second. Multiply the root figure or figures already found 
by 3, and prefix the product to the next new root figure 

* This method of extracting the cube root is decidedly the best, and 
is certainly the shortest that has been discovered ; it was first proposed 
in the Appendix (pp. 252, 253.) to Dr. Charles Hcjtton's Arithmetic^ 
12mo. by the Editor, Alexander Ingram of Leith, printed by G. Ross, 
Edinburgh, 1807. 
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(whicli will be seen by the trial divisor); then multiply this 
number by the aforesaid new root figure, and place the pro- 
duct two figures to the light, below the trial divisor, and 
add it to the trial divisor ; this sum will be the true divisor. 
Third, Under this divisor, write the square of the last root 
figure, which add to the two sums above, and the result is the 
next trial divisor ; the true divisor is found as before directed. 

Note. — After the first or second decimal place in the root is found, 
the square of the root figure used in forming the trial divisor may be 
omitted, and also those two figures that are placed to the right of the 
trial divisor, in forming the true divisor, as the value of these figures 
will be too small for their omission to affect the truth of the result. 
But if the number of decimals in the root is required to be very great, 
these omissions must not be made till after the third or fourth decimal 
in the root is found. 

Examples, 

(1.) Extract the cube root of the number 12326391. 

12|326|391(231c=^»s. 
True divisor 2* =8 

Trial divisor.. .22 x 3 «12 4326 

63 x3» 189 

True divisor «1389 x 3=4167 

S^a 9 159391 

Trial divisor = 1587 

691 X la 691 

True divisor =159391 x 1 = 159391 



Here the nearest root of the first period of 12 is 2 ; hence, by the 
Rule, thrice the square of this root figure, or 2^ x 3=12, the trial 
divisor. Now with this divisor, we see that 3 must be the next figure 
of the root, then 2x3 = 6, and 3 (the new root figure) with 6 prefixed, 
is 63 ; this multiplied by the new root figure 3, gives 189, which being 
placed two figures to the right of the trial divisor (as directed in the 
Rule), and added to it, gives the true divisor, 1389. To form the next 
trial divisor, add the square of the last root figure, 3, to the two sums 
above it, viz. 1389, 189, and we have 9 + 1389 + 189 = 1587, for the next 
trial divisor. The next figure in the root is evidently 1 ; then with 
this new root figure, 1, and with three times the preceding part of the 
root prefixed is 691, for 23x3 = 69, and 1 with 69 prefixed is 691, 
which being placed two figures to the right of the trial divisor, and 
added to it, gives 159391, for the true divisor. 

(2.) Extract the cube root of 9 to about fifteen places of decimals. 

H 
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True diTuor — a'. 

Trial aiTiior - S' x 8 - la 

SOS K 8 — 486< 
True diiiior - 134864 x 8 

8'- 64 

Trill airiwr - 12»J9a 
624008 X 8 - 499SQ64 
True divisor = 129796B92064 x 8 

8' - 84 

Trial diviMT — ia9S0i984i9a 

6240243 X 3 - l?'Ti"7a9 

True divisor E- i20Sual7i:!i)aia x 3 

S* - 9. 

Trial diviior - l-29S()235S6(io't7 
62409498 x 8 = 4U9l' ^9S* 

Troe diviior = l:i990a4U8&2aeiiM4 * 8 

8' - 64 

Trial diTi«a- l-2»eo:i45B4SOGG32 

624025142 x 2 - 248050284 

TraedJTiwr- ia980345309B:i3484 x 3 

2*- ^ 4 

Trial diviwr - 19980240094676.1779 

8240251468 x 8 — _ 8? 20 7 54-163 

Tme di*i»>r c r2£li;oa4611339T13iaB9 x 3 

Trial diTiaor - 12980246132117885887 
624025146905 x S = 3130135734525 

Trna divisor - "1298084613242989846045^5 x 5 

Sf ^ ^S 

Trialdivisor = 129802461327419110339075 

6240251469151 x I - 6240251469151 

Tme divisor - 129^0246132748151285376651 x 1 

Trial diviaor = 12980246132754391436845803 

62402514691539 x 9 - 56 ^26635223851 

True divisor — 1298024613276000766316804151 x 9.. 



Trial divisor — 129S024613276 
6240251469155704 x 4 - 24961005876622816 

True divisor = 12980246132765648850496157452816 > 
4" - 6 

Trial divisor - 129802 
6240251469 1557131 x 1 = ^_^ 

True divisor — 129B024613276567443552718 
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9 ( 2-0800838230519041, &c ^Ans, 
8 

1000000 
998912 

1088000000000 

.» 1038375936512 

49624063488000 

... » 38940651419787 

10683412068213000 

... ^ 10384192682293472 

299219385919528000 



»••• 



s 259604919397426968 
39614466522101032000 

..» 38940738340191394767 

673728181909637233000000 

rzr 649012306621494923022625 

24715875288142309977375000 

, = 12980246132748151285376651 

1 1 735629 1 553941 5869 1 998349000 

^ 11682221519484006896851237359 

53407635910151795147111641000000 

= 51921084531062595401984629811264 

1486551379089199745127011188736000 

« 1298024613276567443552718099121921 

188526765812632301574293089614079 
—_ . 
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Or thus, contraction, hy the Note (see aXso Contracted Division of Decimals, 
p. 117.) 

9 ( 2-080083823051904* 
True divisor=2® = 8 

Trial divisor -2«x 3 =1 12 1000000 

608 X 8 = 4864 

Traediyisor = 124864x8 ^ 998912 

82 = 64 

1088000000000 

Trial divisor = 129792 

624008 X 8 = 4992064 

True divisor = 129796992064 x 8 = 1038375936512 

8« =» 64 

49624063488 

Trial divisor = 129801984192 

62402,4 X 3 = 187207 

True divisor = 12980217139,9x3 = 38940651420 

Trial divisor = 12980235861 10683412068 

624,0 x 8 e 4992 

True divisor = 1298024085,3 x 8 = 10384192682 

Trial divisor - 1298024585 299219386 

6,2 X 2 = 12 

True divisor = 129802459,7x2 =259604919 

12,98,0,2,46,1 39614467 

38940738 

673729 
649012 

24717 
12980 

11737 
11682 

55 
52 

3 

* Another figure might have been obtained, viz. 2, but, on account 
of the extent to which the root has been carried, this figure could not 
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. Note. — An easy and expeditious method of extracting the cube 
root, by means of Barlow's New Mathematical Tables, {see Table 1., 
Octavo Edition, \^\A) which is similar to the rule given to find the 
square root, see Note 2., p. 139., in the Arithmetic, both of these rules 
may be depended on in giving the roots true to seven figures, if the 
given number in the examlples is within the limits of the table. These 
two methods of extracting the square and cube root will be found to 
have a pre-eminence over logarithms, the computation being more 
simple, and each operation is performed in much less time. - 

Example 1. Find the cube root of 98003*449. 

First, Look for the nearest less cube tabular number to the given 
number (98003 '449000) in column 4. of Table 1., p. 77., and it will be 
found to be 97 9 72*18 1000, observing at the same time the root or num- 
ber 46*10 in column 1. which corresponds to it; then subtract this 
nearest less cube tabular number from the given number, (viz. 
98003-449000 and 97972*181000), and the difference equals 31*268000 ; 
now make this difference a dividend, and place the root'46*10 in the quo- 
tient. Then multiply the square of this root or quotient by 3, viz. 46*10' 
X 3 = 6375*6300; or rather thus, see squares opposite the number 46*10 
in column 3., we have 2125*2100 which x by 3 = 6375*6300 for a 
divisor, then proceed by common simple division to obtain the answer. 
Thus — 

98003*449000 the number in the example, 
97972*181000 the nearest less tabular cube number. 

4610' X 3»6375*6300)31*2680000(46*10490=^n5. 

25 5025200 



576548000 
573806700 

27413000 



Example 2. Find the cube root of 2. 

2*000000000 the number in the example. 
1*995616979 the nearest less tabular cube number, 

1*2592 X 3 = 4*755243)004383 1210(1 -259921 =<4?w, 

42797187 

0340230 
9510486 



8297440 
4755243 

3542197 



have been depended on as true ; all the fifteen places, however, that we 
have found, are true to the last figure. (^See the previous solution, 
pp. 146, 147.) 

h3 
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(3.) What is the cube root of 389017 ? Ans. 73. 

(4.) What is the cube root of 1092727 ? Ans. 103. 

(5.) What is the cube root of 27054036008 ? Ans. 3002. 

(6.) What is the cube root of 122615327232? Ans. 4968. 

(7.) What is the cube root of 1-740992427 ? Ans. 1-203. 

(8.) Required the cube root of 146708-483. Ans. 52-74 ^c. 

(9.) Requiredthecuberootof 171-46776406. Ans.5'555^c. 
(10.) Required the cube root of -0001357. Ans. -05138 ^c. 
(11.) Required the cube root of 13f. Ans. 2*3908 ^c. 

(12.) It is required to find the cube root of 7^. 

Ans. 4-1432464 ^c. 

RULE 3.* 

Find, by trials, the nearest rational root of the given 
number, and call it the assumed root. 

Then, as twice the cube of the assumed root, added to the 

♦ The methods usually given for extracting the cube root are so 
tedious and difficult to be remembered, that arithmeticians have long 
wished for a rule that would be more ready and convenient in prac- 
tice. In consequence of which, several eminent mathematicians, both of 
our own country and abroad, have been led to devise approximating rules 
for this purpose ; but no one, that I have yet seen, is so simple in its 
form, or seems so well adapted to general use, as that given above. 

That it converges very fast may be easily shown as follows: Let n= 
the given number, a^ the cube of the assumed root a, and x the cor- 
rection ; then 2a3 + n : 2n + a* : : a : a + x =root by the rule ; and con- 
sequently (2a3 + n) X (a + x) « (2n + a^)xa; or, by substituting (a + x)3 
for N, and then multiplying, 2a* + 2a®x + a* + 4a^x + 6a^x^ + 4(^ + x* = 
2aN + a*. 

Whence, by transposing the terms, and dividing the whole by 2a, we 

X* 

shall have n^a^ + 3a*x + 3ax' + x^ + x' + -- ; which, by neglecting the 

X* 

terms x^ + — as being very small, becomes n ^a^ + Sa^x + 3ax^ + x'= 
^a 

to the known cube of a + x. 

This rule I received, nearly 30 years ago, from a person who informed 
me that he had it from the late Mr. Jabies Dodson, at the time he was 
mathematical master of Christ's Hospital ; but I have since found that it 
is exactly the same as Dr. Hallet's rational formula, except that it is 
more commodiously expressed. 

The irrational formula of the same author, for the cube root, is ^ + 

I V — , which is something more accurate than the former, being less 

erroneous in point of excess than the other is in defect ; so that if an 
arithmetical or geometrical mean be taken between these two results, it 
will be nearer the truth than either of them. 
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given number, is to twice the given number, added to tlie 
cube of the assumed root, so is the assumed root to the root 
required, nearly. 

And by taking the number last found for the assumed root 
and repeating the operation as often as may be thought ne- 
cessary, in the same manner as before, the root may be 
determined to any degree of exactness required. 

EXAMPLES. 

1. Let it be required to find the cube root of 12484. 

Here the nearest rational root, as found hy trial, is 23, and 
its cube is 12167. 



Whence 12167 
2 


12484 
2 


233x2=24334 
12484 


24968 
12167 


36818 


37135 
23 




111405 
74270 



23 



36818)854105(23-198 
11774 
729 
361 
30 
1 
Ans. 23*198, the root required, which is true to the last 
place of decimals, 

2. Let it be required to find the cube root of 2. 

Here the nearest rational root is 1, and its cube is also 1. 

JVhence (1 x2)-}-2=4, and (2 x 2)4-1=5. 

Therefore 4 : 5 :: 1 : ^=l'25= root nearly. 

Again, the cube of -^ 



Whence 
r, 378 . 381 



125x2 



+ 2: (2x2)4 



4 64 
125.. 5 
4' 



■ . 



64 ■ -• ^- ^ • 64 

5 . 381x5x64_381x5_127x5_635 



• a 



64 ' 64 " 4*64x4x378 378x4 126x4 504 
= 1*259921 ^c^root, which is true to the last figure. 
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(1.) Required the cube root of 5. Ans. 1 '709975 ^rc. 

(2.) Required the cube root of 81. Ans. 4-326748 ^ 

(3.) Required the cube root of 132. Ans. 5-091643 ^c. 

(4.) Required the cube root of 576. Ans. 8-320335 ^c, 

(5.) Required the cube root of 30*625. Ans. 3-128662 ^c. 

(d) Required the cube root of -00533. Ans. -174679 ^. 

(7.) Required the cube root of 5592. Ans. 17-7496 ^: 

(8.) Required the cube root of 51^. Ans. 3*711457 Sfc. 

TO EXTRACT THE ROOTS OF POWERS IN GENERAL. 

RULE.* 

Let N be the given power or number, whose root is to be 

* The demonstration of this rule, of which that for the cnb6 root is 
only a pardcular case, may be easily derived from the binomial theorem, 
as follows : 

Let N = given nnmber, n= index of the root, r= nearest rational root, 

and x= remaining part. 

It — 1 
Then n = (r + *)" s=r" + nr^^x + n. — r— '"'^'a:*, &c. by evolution. 

And =x + — ;; — , — &c. : where, on account of the smallness of 

nr^i 2 r 

-^— . — , the first term * may be considered as nearly = — z-T' 
2 r ^ ■' nr ^ 

But N— r"i8also=nr'^ia: + n. -——r*-^x^ &c. = (nt^-^ + n. — — 

r"— 2:r)ar ; whence, by substituting the former value of x in this equation, 

we shallhaveN— r"= Inr*-^ + — r— . ) x=- ^——^ ^ x x; 

\ 2 r J 2r 

. (n— r") X 2r , (n— r") x 2r 

consequently x = j — ^— ^ -r— , and r + x=r + 



(7i+l)r» + (n— 1)n (n + l)r«x(n— 1)n 

(n+l)N + (n— l)r» v i. • *v • • j j i. 

s= 7 -i ~ 7^ X r; which is tne expression required, and when 

(7i + l)r» + (n— 1)n r ^ » 

converted into an analogy is the same as the rule. 

It may here also be observed, that the fourth root of any number is 
equal to the square root of the square root of that number ; and that the 
sixth root is equal to the square root of the cube root ; and so on. 

The proof of aU roots is by involution, and then by casting out the 
nines as in multiplication. 

The following theorems may likewise sometimes be found useful in 

extracting the root of a vulgar fraction • v t - --rr == —t— — , ; y y 
ygJ}^ a . 



OF POWERS IN GENERAL. 153 

found, n the index of that power, r the assumed root, and a 
its power. 

Then, as the sum of n+l times A and n— 1 times n is to 
the sum of n+1 times n and n— 1 times a, so is the assumed 
root r to the root required, nearly. 

That is (nH-l)A+(w-l)N:(7i + l)NH-(n-l)A :: r : 
the true root, nearly. 

Or— ^— A H — ^N : Nco A I! r : the correction, which, 

added to, or subtracted from, the assumed root, according as 
it was taken too little, or too great, will give the true root 
nearly, as before. 

And, by repeating the operation with the root last found, 
as often as may be thought necessary, the answer may be 
determined to any degree of accuracy required. 

EXAMPLES. 

(1.) It is required to find the 5th root of 2. 
Assume the root = I, and its 5th power will, also, be 1. 
77ien n=2, a=1, n=5, and r=l, 
^Aenc.(^+^>=^ (7. + l)N=12 



(n+l)A= 

(n=l)N= 



8 («-1)a= 4 

14 16 



Therefore 14 : 16 :: 1 : ||=|=1|=M42857 the root. 

nearly. 

• 8 327fi8 

Again, assume the root = =^, and its 5th power will he t-sef^* 

7 IooOy 

7%cnN=2; A=jgg^; » = 5; andr — ^. 

jj^ n + \ 98304 «-l . 67228 
^ence-^A = j^g^; -^N=4=jgg^5 

, « 32768 846 

"^^^-^=^-16807=r6807- 

A j*i. r 98304 . 67228 846 . , 8 
And therefore ^^^^^ + j^g^ ; ^^^^ . . ^. 

H 5 
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8 846x8 846x2 1692 



Or 165532 : 846 



7 • 165532 x7'"41383x7""289681 
=0-005841. 

Consequently 0-005841 + 1-142857-= 1*148698 = root re- 
quired. 

(2.) What is the 3d root of ^ or -5 ? Arts. -793700 ^. 

(3.) What is the 4th root of 2 ? Arts. 1-18920 4-c. 

(4.) What is the 4th root of 97-41 ? Ans. 3-141599 4-c. 

(5.) What is the 6th root of 21035-8 ? Ans. 5-25403 ^c. 

(6.) What is the 6th root of 2 ? Ans. M2246 ^-c. 

(7.) What is the 7th root of 21035*8 ? Ans. 4-14539 ^c. 

(8.) What is the 7th root of 2 ? Ans. 1-10408 ^c. 

(9.) What is the 8th root of 21035-8 ? Ans. 3-47033 ^c. 

(10.) What is the 8th root of 2 ? Ans. 109050 \c. 

(11.) What is the 9th root of 21035-8 ? Ans. 3-02223 ^c. 

(12.) What is the 9th root of 2 ? Ans. 1-08005 ^c. 

(13.) What is the 365th root of 1-05 ? Ans. 1-00013 \c. 

Simple Jnttresit 

Simple Interest is an allowance made by the borrower 
of any sum of money to the lender, according to a certain 
rate per annum ; which, by law, must not exceed 5 per cent., 
that is 5/. for the use of 100/. for a year ; 10/. fi;r the use of 
it for 2 years ; and so on. 

Principal is the money lent. 

Rate is the sum per cent, agreed on. 

Amount is the principal and interest added together. 

RULE.* 

Multiply the principal by the rate, and divide the product 
by 100, and the quotient will be the interest for 1 year. 

Or, the interest for 1 year at 5 per cent, is l-20th of the 
principal ; and at 4 per cent, is l-25th of the principal. 

* It is customary, in' some cases of this kind, to consider the time 
elapsed in different ways. 

Thos, for instance, in the courts of law, interest is always computed in 
years, quarters, and days; which indeed is the only equitable method ; 
but in computing the interest of the public bonds of the South Sea and 
India Companies, and in the Bank of England, &c. the time is generally 
taken in calendar months and days, and on Exchequer bills in quarters of 
a year and days. 
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Then multiply the interest for a year by the number of 
years given, and the product will be the interest for that time. 

If there be any smaller portions of time, as months, or 
days, they must be worked for by the aliquot parts of a year, 
or by the rule of three. 

When this is done, if the interest, so found, be added to 
the principal, it will give the amount, or the whole sum 
which is due. 

EXAMPLES. 

(I.) What is the interest of 284/. 10s, for 2^ years at 5 
per cent, per annum ? 

£ s. Or thtis : 

284 . 10 principal. 5/.=^ of 100. 

5 interest, £ s, d. 

3fV)284 . 10 . 

£14 . 4.6 one 



1,00)14,22. 10 



14 . 4 . 6d. one yeai^s interest. 



2^ years, yearns int, as before. 



28 . 9 . Ofor 2 years. 
7.2. 3/or ^ year. 



35 . 1 1 . 3 the interest required. 
284 . 10 . principal. 



£320 • I .S the amount. 



The principle upon which interest is calculated is the same 
as the Rule of Three ; for the above example might be stated 
thus, 

As 100/. : 5/. : : 284/. lO*. : 14/. 4*. ed. one year's interest. 

(2.) What is the interest of 230/. 10*. for I year, at 4 per 
cent, per annum ? Ans. 91. 4s. 4|c?. 

(3.) What is the interest of 547/. 15*. for 3 years, at 5 per 
cent per annum ? Ans. 82/. 3*. Sd. 

(4.) What is the amount of 690/. for 3 years, at 4^ per 
cent, per annum ? Ans. 783/. 3*. 

(5.) What is the interest of 205/. 15*. for ^ year, at 4 per 
cent per annum? Ans. 21 Is. Ifc/. 

H 6 
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■ 

(6.) What is the amount of 120/. 10^. for 2^ years, at 4| 
per cent, per annum ? Ans. 134/. 16$. 2^ 

(7.) What is the interest of 47/. 10^. for 4 years and 52 
days, at 4 J per cent ? Ans. SI. 17 s. Id^. 

(8.) What is the amount of 200 guineas, for 4 years, 7 
months, and 25 days, at 4^ per cent? Ans, 253/. I9s, 2id. 

(9.) A gentleman left his niece by will 558/. 15*. to be 
paid her with interest at 4 per cent, when she came of age, 
which was in 5 years, 9 months, and 21 days ; what has she 
to receive in all ? Ans. 688/. 10*. 1 1^. 

(10.) What is the interest due upon an India bond of 500/. 
value, at 8^ per cent, per annum, from September 30. 1852^, 
to June 18. 1853 (or 261 days) ? Ans. 12/. 10*. B^d. 

(11.) What is the interest due upon an Exchequer bill of 
450/. at 3f per cent, per annum for 2f years, and 67 days ? 

Ans. 49/. 10*. Ofrf. 

COMMISSION, BROKERAGE, INSURANCE, AND 
BUYING AND SELLING OF STOCK.* 

' Commission is an allowance of so much per cent, to a 
factor or correspondent abroad for buying and selling goods 
for his employer. 

Brokerage is a similar allowance made to a person called 
a Broker, for assisting merchants or factors in procuring or 
disposing of goods. 

Insurance is a per-centage, given to certain persons, or 
offices, who engage to make good the loss of «hips, houses, 
or merchandise, which may happen from storms or fire. 



* Stocks are of different kinds, as Bank stock, 3 per cent reduced, 
3 per cent consols, omnium, &c. ; the prices of which vary according to 
the circxmistances of the times, and the rumours that prevail with respect 
to war or peace. 

When the price of any particular stock, as, for instance, the 3 per 
cent consols, is said to be 90J, the meaning is that 90/. 2«. 6d, must be 
paid on that day, for 100/. of this stock ; and in this case the purchaser 
may be considered as having 100/. in the Bank for which he is to receive 
annually 3/. or two half-yearly dividends of 1/. 10«. each ; and so on for 
any larger sum. 

Omnium is a term that denotes the several kinds of stock, &c. by 
which Government pay those who agree to advance a certain sum of 
money, by way of loan; and when it is said to be at so much premium, as, 
for instance, 1^ per cent, the meaning is, that if a person purchase 100/. of 
this loan, he must pay 1/. 10«. more than the original leader. 
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Buying and Selling op Stock is the purchasing or 
disposing of a certain sum of money in the Bank of England, 
or in the capital of some trading company, according to the 
rate per cent, which they may sell for at any given time. 

The method of working questions that may occur in either 
of these rules, is the same as in simple interest. 

EXAMPLES. 

(1.) What is the commission on 500/. ISs. 6d. at 3-j^ per 
cent. ? 

£ s. d, 

500 . 13 . 6 

3 



1502 ,0.6 
250 . 6.9 

1,00)17,52 .7.3 



£\*J . 10 . 5^=^e answer. 



(2.) What is the brokerage on 610/. 10«. 4e/. at &s. or ^ 
per cent. ? 

£ s. d. 
5s. is i 610 . 10 . 4 

1,00)1,52 . 12 . 7 



j^l . 10 . 6^= the answer. 



(3.) What is the insurance on 874/. 14$. 2d. at 12^ per 
cent. ? 

£ s. d. 
874 . 14 . 2 



10 is T^y 87 • 9 . 5 

2 is ^ 17 . 9 . 10^ 

i is i 4 . 7 . 5^ 

£109 . 6 . dtathe answer. 
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(4.) What is the purchase of 2054/1 ISs. East India stock, 
at llOJper cent? 

£ s. d. 
10 is ^ 2054 .16.0 
205 . 9.7 
:} w ^V 5 . 2 . 8 J 

£2265 . 8 . 3|=Mtf answer. 



(5.) My correspondent writes me word that he has bought 

goods on my account to the value of 754^. 16*. What does 

his commission come to at 2^ per cent.? Ans. }8L 17 s. 4|if. 

(6.) What must I allow my correspondent for disbursing 

on my account 529L ISs, 5d, at 2^ per cent.? 

Ans. lU 185. 5^d. 

(7.) If I allow my factor 7f per cent, for commission, what 

may he demand on the laying out of 1200^. ? Ans, 91/. 10*. 

(8.) What does the commission on 950/. come to at 3|^ per 

cent.? Ans, 36/. 16*. 3c?. 

(9.) J£ I allow my broker 3f per cent., what may he 

demand when he sells goods to the value of 876/. 5*. lOd, 

Ans. 32/. 17*. 2^ 
(10.) What is the brokerage of 879/. 18*. at | per cent.? 

Ans. 3/. OS. ll^d, 

(1 1.) If a broker sells goods to the amount of 508/. 17*. lOc?., 

what is his demand at 1^ per cent. ? Ans. 71, 12*. 8^. 

(12.) What is the brokerage of 1087/. 15*. 6^. at 1| per 

cent.? Ans. 17 L 13*. 6^^. 

(13.) If a broker sells goods to the amount of 1000 

guineas, what is his demand at f per cent? Ans. 6/. 11*. 3d. 

(14.) If I allow a broker 1^^ per cent, what is his demand 

for disposing of goods to the value of 729/. 10*. 6d.? 

Ans. 91. 2s. 4ld. 
(15.) What is the insurance of 900/. at lOJ per cent? 

Ans. 96/. 15*. 
(16.) What is the insurance of 1200/. at 7f per cent? 

Ans. 91/. 10*. 
(17.) What is the insurance of an East India ship and 
cargo, valued at 35727/. 17*. 6d. at 17| per cent? 

Ans. 6386/. 7s. l^d. 
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(18.) What is the purchase of 156/. 15*. 3 per cent, an- 
nuities, at 74 J per cent.? Ans, 1161. 15s. 6^d. 

(19.) What is the purchase of 816/. 125. Bank annuities, 
at 89| per cent. ? Ans. 729/. 16*. S^d. 

(20.) What is the purchase of 987/. I5s. India stock, at 
113|^ per cent.? Am. 1124/. 16*. 

(21.) Bought 650/. Bank annuities, at 90f per cent., and 
paid brokerage \ per cent. ; what did the whole amount to ? 

Ans. 588/. 5s. 

(22.) What does 2400/. capital stock in the three per cent, 
consolidated Bank annuities come to, at 84^ per cent. ? 

Ans. 2019/. 

(23.) What is the value of 50/. per annum in the long 
annuities, which will terminate in 18 years, at 12f years' 
purchase? ^n*. 618/. 15*. 

IBtsicount 

Discount is an allowance made for the pajrment of any 
sum of money before it becomes due, according to a certain 
rate per cent, agreed on between the parties concerned. 

The present worth of any sum, or debt, due some time 
bencC; is such a sum, as, if put out to interest for that time, 
at a certain rate per cent, would amount to the sum or debt 
then due. 

In business, the usual method of estimating the discount 
of any note or bill is, to deduct the interest of the sum for 
the given time at 5 per cent. ; or to reckon a penny a pound 
for every month the bill has to run ; but the only accurate 
way is as follows : 

RULE.* 

As the amount of 100/. for the given rate and time is to the 
interest of 100/. for that time, so is the given sum, or debt, 
to the discount required. 

And if the discount be subtracted from the given sum, the 
remainder will be the present worth. 

* That an allowance ought to be made for paying money before it 
becomes due, which is supposed to bear no interest till after it is due, is 
evident ; for if I keep the money in my own hands till it is due, it is 
plain I can make advantage of it by putting it out to interest for that 
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Or^ to find the present worthy and hence the discount 

As the amount of 100/!. for the given rate and time is to 
100^., so is the given sum, or debt, to the present worth. 

And if the present worth be subtracted from the given 
sum, the remainder will be the discount required. 

■ 

EXAMPLES. 

(1.) What are the discount and present worth of 500/. due 
2 years hence, at 5 per cent. ? 

Interest of £100 for 2 year8=5 x 2=£ia 

£ £ £ Now, by deducting the dis- 

Then 110 : 10 : : 500 count from the 500/., we have 

500 the present worth. 

11,0 )500,0 £ 8. d. 

Discount^ £45 • 9s, 1^. Thus 500 . . 

^ * 45 . 9 . 1^ 

Present worthy £454 . 10 . lOf^ 



time ; bat if I pay it before it is due, it is giving that benefit to another. 
Hence, it only remains to inquire what discount ought, in this case, to 
be allowed ; and here some debtors may say, that since, by not paying 
the money till it becomes due, they can employ it at interest, therefore, 
by paying it before it is due, they shall lose that advantage, and for 
that reason all such interest ought to be discounted ; but tms mode of 
reasoning is not just, for they cannot be said to lose that interest till 
the time the debt becomes due arrives; whereas we are to consider 
what would properly he lost at present, by paying the debt before it be- 
comes due ; and this can, in point of equity or justice, be no other than 
such a sum as, being put out to interest till the debt becomes due, would 
amount to the interest of the debt for that time. It is, besides, plain, 
that the advantage arising from discharging a debt, due some time hence, 
by a present payment, according to the principles here mentioned, is 
exactly the same as employing the whole sum at interest till the time 
the debt becomes due arrives ; for if the discount allowed for present 
pajrment be put out to interest for that time, its amount will be the 
same as the interest of the whole debt for the same time. Thus, the 
discount of lOHL due one year hence, reckoning interest at 5 per cent, 
will he 5/., and 5l put out to interest at 5 per cent for one year, will 
amount to 5«., which, with the 5^ discount on 105L, is exactly equal to 
the interest of 105L for one year at 5 per cent 

^ The truth of the rule for working is evident from the nature of 
simple interest ; for since the debt may be considered as the amoimt of 



COMPOUND INTEREST. 161 

Or to find the present worth, and hence the discount. 

£ £ £ Now, by deducting the pre- 

1 10 : 100 : : 500 sent worth from the 500/., we 

500 have the discount. 

£ s, d. 

11,0)5000,0 Thus 500, 0. 

454.10.101^ 

£454, 105. I0{^d. P^S* 

The discount £45 . 9 . I-j^j-m before. 

(2.) What is the present worth of 150/. payable in :|^year, 
discounting at 5 per cent. ? Ans, 148/. 2s. ll^d. 

(3.) What is the present worth of 75/. due 15 months 
hence, at 5 per cent. ? Ans. 70/. 1 1*. 9d. 

(4.) What is the discount on 85/. 10*. due September the 
8th, this being July the 4th, reckoning interest at 5 per cent, 
per annum? Ans. I5s. 3f^. 

(5.) What ready money will discharge a debt of 543/. 7*. 
due 4 months and 18 days hence, at 4f per cent per annum? 

Ans. 533/. 18*. l^d. 

(6.) Bought a quantity of goods for 150/1 ready money, 
and sold them again for 200/. payable | of a year hence ; what 
was the gain in ready money, supposing discount to be made 
at 5 per cent. ? Ans. 421 I5s. 5d. 

(7.) What is the present worth of 120/. payable as follows : 
viz. 50/. at 3 months, 50/. at 5 months, and the rest at 8 
months, discounting at 6 per cent.? Ans. 117/. 5s. 5d. 



Compounti inttrtSiU 

Compound Interest is that which arises from adding the 
interest, as it becomes due, to the principal, and then consi- 
dering the sum that accrues, at the end of each stated time 
of payment, as a new principal. 

some principal (called here the present worth) at a certain rate per 
cent and for the given time, that amount must be in the same propor- 
tion, either to its principal or interest, as the amount of any other sum, 
at the same rate, and for the same time, is to its principal or interest 

Note. When goods are bought or sold, and discount is to be made for 
present payment, at any rate per cent., without regard to time, the 
interest of the sum, as calculated for a year, is the discount 
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BULE* 

Find the amount of the given principal, for the time of 
the first payment, by simple interest. 

Then consider this amount as the principal for the second 
payment, the amount of which calculate as before, and so on 
through all the payments to the last, still accounting the last 
amount as the principal for the next payment. 

EXAMPLES. 

(1.) What is the amount of 320/. 10*. for four years, at 5 
per cent per annum, compound interest ? 

£ s. d. 
T^)320 . 10 . Ist yearns principal. 
16 . 0.6 1st year s interest. 

^)336 .10.6 2nd year's principal. 

16 . 16.6:^ 2nd yearns interest. 

Tj\y)353 . 7 . 0^ 3rd yearns principal. 

17 . 13 . 4 Srd yearns interest. 

•5^^)371 . 0.4^ 4th year's principal 

18 . 11 .0 4ith year*s interest. 

5^389 . 11 .4:1^ whole amount, or tfie answer re* 
quired. 

(2.) What is the compound interest of 760Z. 10*. forborne 
4 years, at 4 per cent. ? Ans. 129/. 3*. 6^. 

(3.) What is the amount of 1 5/. 10*. for 9 years, at 3^ per 
cent, per annum, compound interest? Ans. 21/. 2s. 6hd. 

(4.) What is the compound interest of 410/. forborne for 
2\ years, at 4J per cent, per annum ; the interest payable 
half-yearly ? Ans. 48/. 4*. 1 l\d. 

(5.) Find the several amounts of 50/. payable yearly, half- 
yearly, and quarterly, supposing it to have been forborne 5 
years, at 5 per cent, per annum, compound interest. 

Ans. 63/. 16*. Z\d. ; 64/. 0*. \d. ; and 64/. 2s. 0\d. 



* The reason of this rule is evident from the definition, and the 
principles of simple interest. 

Money cannot lawfully be lent at compound interest ; but in granting 
or purchasmg annuities leases, or reversions, compound interest is al- 
lowed. 
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dTquatton of ^u^tatnti^ 

Equation of Payments is the finding a time to pay, at 
once, several debts due at different times, so that no loss ^all 
be sustained by either party. 

RULE.* 

Multiply each payment by the time at which it is due ; 
then divide the sum of the products by the sum of the pay- 
ments, and the quotient will be the time required. 

EXAlfi»L£S. 

(1.) A. owes B. 190/. to be paid as follows, viz. 50/. in 6 
months, 60/. in 7 months, and 80/. in 10 months ; what is the 
equated time to pay the whole ? 



* This rule is founded upon a supposition, that the sum of the in- 
terests of the several debts which are payable before the equated time, 
from their several terms to that tune, ought to be equal to the sum of 
the interests of the debts payable after the equated time, fh>m that time 
to their terms ; which some writers have defended, by observing that what 
is gained by keeping some of the debts after they are due is lost by 
paying others before they are due ; but this is not the case ; for though 
by keeping a debt unpaid after it is due, there is gained the interest of 
it for that time, yet by paying a debt before it is due, the payer does 
not lose the interest for that time, but the discount only, which is less 
than the interest ; and therefore the rule is not true. In most ques- 
tions, however, that occur in business, the error is so trifling, that it 
will always be made use of as the most eligible method. 

That the rule is universally agreeable to the supposition may be thus 
demonstrated: 

'd s first debt payable, and t the distance of its term. 
Da last debt payable, and t the 4istance of its term. 
X = distance of the equated time. 
r = rate of interest of 1/. for one year. 

Then, since x lies between t and t, the distance of the time t and x is 
=x — tj and the distance of the time T and x is^T— or. 

But the interest of d for the time x—t ia dr(x-~t) ; and the interest 
of D for the time t— :r is Dr(T— x) : hence drQx—t)^i>r(T—x) by the 

DT + dt 

supposition ; and consequently, from this equation, x^s —, which is 

the rule ; and the same may be shown of any number of payments. 
The rule is given in equation of payments by decimals. 



Let 
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50 X 6=300 
60 X 7=420 
80 X 10=800 



50+60+80=190)1520(8 

1520 



Answer, 6 months. 

(2.) A. owes B. 52/. 7*. 6d. to be paid in 4^ months, 
80/. lOs. to be paid in 3^ months^ and 76/. 2s, 6d. to be paid 
in 5 months ; what is the equated time to pay the whole ? 

Ans, 4 mo, 8 da, 21 h, 

(3.) A. owes B. 240/. to be paid in 6 months, but in 1 
month and a half pays him 60/. and in 4^ months 80/. more ; 
how much longer, therefore, than 6 months should B.in equity 
defer the rest ? Ans. 3^ months, 

(4.) A debt is to be paid as follows : viz. ^ at two months, 
•|^ at 3 months, ^ at 4 months, -|^ at 5 months, and the rest at 
7 months ; what is the equated time to pay the whole ? 

Ans, 4 mo, 18 da, and 18 A. 

(5.) A. owes B. 100/. to be paid in 9 months, and 500/. to 
be paid in a year and a half: from which it is required to find 
the equated time when the whole ought to be paid. 

Ans, 16| months, 

(6.) A debt of 1000/L is to be paid as follows : viz. ^ at 8 
months, ^ at 12 months, and the rest in 1^ year ; from which 
it is required to find the equated time when the whole should 
be paid. Ans, 11 months. 



Barter . 

Barter is the exchanging of one kind of commodity for 
another; and directs merchants and tradesmen so to pro- 
portion the value of their goods that neither party may sus- 
tain loss. 

RULE.* 

Find the value of that commodity whose quantity is given, 
then find what quantity of the other, at the rate proposed, 

* .This rule is, evidently, only an application of the common Rule of 
Three, or of Compound Multiplication. 
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may be had for the same money, and the result will be the 
answer. 

EXAMPLES. 

(1.) How many dozens of candles, at 5s. per dozen, must 
be given in barter for 3 cwt. of tallow, at 1/. 17 s* Ad, per 
cwt. ? 

£ s» d. 
1 . 17 . 4 
3 
s, doz. 

5 : 5 . 12 . : : i 

20 



5)112 



22 doz, At lb. =i the answer. 



(2.) How much sugar, at 8d!. per lb. must be given in 
barter for 20 cwt. of tobacco, at 3/. per cwt. ? 

Ans. 16 cwt gr. 8 lb. 

(3.) How much tea, at 9^. per lb., can I have in barter for 
4 cwt. 2 qrs. of chocolate, at is, per lb. ? Ans. 2 cwt, 

(4.) How many reams of paper, at 2s. 9^. per ream, must 
be given in barter for 37 pieces of Irish cloth, at 1/. I2s. 4d. 
per piece ? Ans. 428|^. 

(5.) A merchant has 1000 yards of canvas, at 9^. per 
yard, which he barters for serge at 10^. per yard ; how many 
yards must he receive ? Ans. 926^. 

(6.) A. delivered 3 hhds. of brandy, at 6s. Sd. per gallon, 
to B., for 126 yards of cloth ; what was the cloth per yard ? 

Ans. lOs, 

(7.) A. and B. barter ; A. has 41 cwt. of hops, at 30*. per 
cwt., for which B. gives him 20/. in money, and the rest in 
prunes at 5d, per lb., what quantity of prunes must A. re- 
ceive ? Ans, 17 cwt, 3 qrs, 4 lb, 

(8.) A. has a quantity of pepper, wt. 1600 lb. at 17d, per 
lb., which he barters with B. for two sorts of goods, the one 
at 5d, the other at Sd, per lb., and to have \ in money, and 
of each sort of goods an equal quantity : how many lbs. of 
each must he receive, and how much in money ? 

Ans, 1394f| lb. and 37 1. I5s. 6|rf. 
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profit anb ioi^i* 

Profit and Loss is a rule that discoyers what is gained 
or lost in the purchase or sale of goods ; and instructs mer- 
chants and traders so to raise or lower the price of their 
commodities, as to gain or lose so much per cent. &c. 

Questions in this rule are performed by the common Rule 
of Three, Practice, &c. 

EXAMPLES. 

(1.) How must I sell tea per lb. that cost me ISs. 5d., to 
gain after the rate of 25 per cent. ? 

£ £ s. d. 

100 : 125 :: 13.5 
161 12 

Or thusj 

125 161 25 per cent is J, 

750 s. d. 

125 Therefore i)13 . 5 

3.4^ 



1,00)201,25 
12)201^ 



16*. 9^.'=^Ans, 



16*. 9^»s=ihe answer* 



(2.) At 1^ in the shilling profit, how much per cent. ? 

Ans. 121. 10*. 
(3.) At 3*. 6d. in the pound profit, how much per cent. ? 

Ans. 171. 10*. 

(4.) If a lb. of tobacco cost I6d. and is sold for 20d^ what 

is the gain per cent ? Ans. 251. 

(5.) Bought goods at 4^d. per lb. and sold them at the 

rate of 21. 7s. 4d. per cwt., what was the gain per cent. ? 

Ans. 121 13*. ll^d. 

(6.) Bought cloth at 7*. 6d. per yard, which not proving 

so good as I expected, it is required to find how I must sell 

it per yard, so as to lose only 17^ per cent. Ans. 6*. 2^d. 

(7.) Bought goods at 2 guineas per cwt. and sold them 

again retail at 5^d. per lb., what shall I gain per cent. ? 

Ans. 161. 13*. Ad. 
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(8.) If I buy 17^ cwt. of sugar for 35 guineas, and retail 
it at 7^. per lb., what was the gain per cent. ? 

Ans. 661. ISs. 4d. 

(9.) If I buy tobacco at 10 guineas per cwt., at what rate 
must I retail it per lb., to gain 12 per cent. ? Ans. 2s. l^. 

(10.) If, when I sell cloth at 7s. per yard, I gain 10 per 
cent., what wiU be the gain per cent when it is sold for 
Ss. 6d. per yard ? Ans. 33/. 1 Is. 5^d. 

(11.) If I buy 28 pieces of stuffs at 4/. per piece, and sell 
10 of the pieces at 61. and 8 at 5L per piece, at what rate per 
piece must I sell the rest^ to gain 20 per cent, by the whole ? 

Ans. SI. 8s. 9^. yi 

(12.) Bought 40 gallons of cider at 3^. per gall., but by 
accident 6 gallons of it were lost ; at what rate must I sell 
the remainder per gallon, to gain upon the whole prime cost 
at the rate of 10 per cent. ? Ans. Ss. lO^d. -^f. 

(13.) Bought hose in London at 4^. 3^. per pair, and sold 
them afterwards in Dublin at 6s. the pair ; now, taking the 
charge at an average to be 2d. the pair, and considering that 
I must lose 12 per cent, by remitting my money home again, 
what do I gain per cent, by this article of trade ? 

Ans. 19/. 10^. 1 1^^ 

(14.) Sold a repeating watch for 50 guineas, and by so 
doing lost 17 per cent., whereas I ought in dealing to have 
cleared 20 per cent. : how much was it sold for under the 
just value ? An^. 23/. 8s. Q^d. 

Fellowship is a rule, by which merchants, &c trading in 
company with a joint stock, are enabled to ascertain each 
person's particular share of the gain or loss, in proportion to 
his share in the joint stock. 

By this rule a bankrupt's estate may be divided amongst 
his creditors, as also legacies adjusted, when there is a de» 
ficiency of assets or effects.* 

* By this rule, a given number or quantity may be divided into any 
number of parts which shall have an assigned ratio to each other ; which 
is done by saying, as 1+2 + 3 &c. the number of parts : the given num- 
ber : : each of these parts : the proportional parts required. 
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Single Fellowship is when different stocks are employed 
for any certain equal time. 

RULE.* 

As the whole stock is to the whole gain or loss, so is each 
man's particular stock to his particular share of the gain or 
loss. 

METHOD OP PROOF. 

Add all the shares of gain or loss together, and the sum will 
be equal to the whole gain or loss, when the work is right. 

EXAMPLES. 

(1.) Two persons trade together; A. put into stock 130^. 
and B. 220/., and they gained 500/. : what is each person's 
share of the profit ? 

Here l30/. + 220/.=r350/.»tAe whole stock. 
Then 350/. : 500/. :: 130/. : X, 

or, 0871 : 100/. :: is/. : Ii^il5?/.=l^/. = i85/. i4«. 3id. y\ = As 

share = 1st Ans, 

Again 350/. : 500/. : 

22 X 100 2200 
or, as 71, : 100/. :: 22/. : /.=-— /.=314/. 5s. Sjrf. f/ B's share 

=2nd Ans, 

The Proo/= 185/. 14«. 3\d, f/ + 314/. 5*. SJd. ?/ = 500/. 0«. Od, 

(2.) A. and B. have gained by trading 182/. ; A. put into 
stock 300/. and B. 400/. ; what is each person's share of the 
profit ? Am. A, 78/. and B. 104/. 

(3.) Divide 120/. between three persons, so that their 
shares shall be to each other as 1, 2, and 3, respectively. 

Ans. 20/., 40/., and 60/. 

. * That the gain or loss in this rule is in proportion to the respective 
stocks is evident ; for, as the times the stocks are in trade are equal, if- 
I put in J of the whole stock, I ought to have J of the whole gain ; if 
my part of the whole stock he J, my share of the whole gain or loss 

ought also to be J ; and generally, if I put in - of the stock, I ought to 

have - part of the whole gain or loss; that is, whatever ratio the whole 
n 

stock has to the whole gain or loss, the same ratio must each person's. 

particular stock have to his respective gain or loss. 



7 ' 


220/. : X. 


22 X 100 

— . / 
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(4.) Three persons make a joint stock : A. put in 184/. 105., 
B. 96/. 155., and C. 76/. 5s. : they trade and gain 220/. 12^. ; 
what is each person's sliare of the profit ? 

Ans. A. 113/. 16f|f*,, B. 591. 14^^., C. 47/. ly^V- 

(5.) Four persons in partnership, A., B., C, and D., put 

into stock 180/., 240/., 350/., and 430/. respectively, for 5 

years certain, and at the end of that time they find they have 

gained 3600/. : what is each person's share of the profit ? 

Am. A. 540/., B. 720/., C. 1050/., and D. 1290/. 
(6.) Three merchatits, A., B., and C, freight a ship with 
340 tuns of wine ; A. loaded 1 10 tuns, B. 97, and C. the rest. 
In a storm the seamen were obliged to throw 85 tuns- over- 
board ; how much must each sustain of the loss ? 

Arts. A. 27i, B. 24^, and C. 33J. 
(7.) A ship worth 860/. being entirely lost, of which -J- 
belonged to A., \ to B., and the rest to C, what loss will 
each sustain, supposing 500/. of her to have been insured ? 

Ans. A. 45/., B. 90/., and C. 225/. 

(8.) A bankrupt is indebted to A. 275/. 14^., to B. 304/. 

7^., to C. 152/., and to D. 104/. 6^., and his estate is worth 

only 675/. 15^., how must it be divided? 

Ans. A^222L\5s. 2d., B. 245/. I85. \\d., C. 122/. 16*. 2JJ., 

and D. 84/. 55. 5d. 
(9.) A. and B., venturing equal sums of money, clear by 
joint trade 154/. By agreement A. was to have 8 per cent, 
on account of the time he spent in the execution of the pro- 
ject, and B. was to have only 5 per cent. ; what was A. 
allowed for his trouble ? Ans. 351. lOs. 9^d. 

(10.) A person ordered 1000/. to be divided among his 
three sons, so that A. might have ^ part, B. ^, and C. I ; 
what is the just share of each ? 

Ans. A. A251. \0s. 1\d., B. 319/. 2s. U\d.y C. 

255/. 65. 4^. 

(11.) Three merchants, in partnership. A., B., and C, put 

into stock 2000/., 3500/., and 4550/. respectively, for 3 years 

certain, and at the end of that time find they have cleared 

10000/., what is each person's share of the gain ? 

Ans. A. 1990/. 0*. 11|</., B. 3482/. Us. S%d., C. 

4527/. 75. M. 

(12.) A detachment, consisting of 4 companies, being sent 

into a garrison, in which the duty requires 60 men a day, 

what number must each company furnish, in proportion to 

I 
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its strength, the let consisting of 42 men, the 2d of 49, the 
Sd of 56, and the 4th of 63 ? 

Am. 1st 12 men, 2nd 14, Srd 16, 4^A 18. 



Double Fellowship is when equal or different stocks are 
employed for diffei*ent times. 

RULE.* 

Multiply each man's stock into the time of its continuance, 
then say : 

As the sum of all the products is to the whole gain or loss, 
so is each man's particular product to his particular share of 
the gain or loss. 

EXAMPLES. 

(1.) A. and B. hold a piece of ground in common, for 
which they are to pay 36/. A* put in 23 oxen for 27 days, 
and B. 21 oxen for 39 days ; what ought each man to pay of 
the rent ? 

Here 23x27 =621, an<? 21 x 39=819. 

Then (621 + 819 «)1440 : 36/. 1 1 621 : x, 

621 
or, as 40 : l/. :: 621 : -7^,-»15/. 10«. 6d,^A.*» shares 1st Ans, 

40 

819 
Again, cm 40 : U :: 819 : -— /. = 20/. 9«. 6dsi9.'« 8liare^2ndAns, 

40 

(2.) Two troops of horse rent a field, for which they are 
to pay 82/. ; one of the troops sent 64 horses for 25 days, 
and the other 56 horses for 30 days : hovi much of the rent 
must each troop pay? Ans, 1st troop 40/. ; 2nd, 42/. 

(3.) A., B., and C. hold a pasture in common, for which 
they pay 30/. per annum ; A. put into it 7 oxen for 3 months, 

'*' Several authors have giyen an analytical investigation of this 
rule ; but the principle on which it is founded may be easily shown, as 
follows: — 

When the times are equal, the shares of the gain or loss are evidently 
as the stocks, as in single fellowship ; and when the stocks are equal, 
the shares are as the times ; consequently, when neither of them are 
equal, the shares must be as their products. 
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B. 9 oxen for 5 months, and C. 4 for 12 months : what must 
each pay of the rent ? 

Ans. A. 51. lOs. G^cL A/, B. III. I6s. lOd. -^%f., and 
a 12/. 12«. l^d. ■^%f. 
(4.) Three graziers hired a piece of land for 60/. 10^. ; A. 
put in 5 sheep for 4^ months, B. put in 8 for 5 months, and 

C. put in 9 for 6^ months : how much must each pay of the 
rent.'' Atis. A. Ill 5^., B, 20/., and C. 29/. 58. 

(5.) Two merchants enter into partnership for 18 months ; 
A. put into stock at first 200/., and at 8 months' end he put 
in 100/. more ; B. put in at first 550/. and at 4 months' end 
took out 140/. Now at the expiration of the time they find 
they have gained 526L ; what is each man's just share ? 

Ans. A. 192/. 19*. Od. ^/. ; B. 333/. Os. 1 1|^. ■^^. 

(6.) A. with a capital of 1000/. began trade January 1st, 
1852, and, meeting with success in business, took in B. as a 
partner, with a capital of 1500/. on the 1st of March follow- 
ing. Three months after this they admit C. as a third partner, 
who brought into stock 2800/., and after trading together till 
the first of the next year, they find there has been gained, 
since A.'s commencing business^ 1776/. 10«. ; how must this 
be divided amongst the partners ? 

Ans. A. ^571. 9s. ^id., B. 571/. 16*. Sid., C. 747/. 3*. ll^d 

(7.) A ship's company take a prize of 1000/., which is to be 
divided between them according to their pay, and the time 
they have been on board. Now the officers, who are 4 in 
number, and have each 40*. a month» and the midshipmen, 
who are 12 in number, and have each 30*. a month, have 
been on board 6 months; and the sailors, who are 110 in 
number^ and have each 22*. a month, have been on board 3 
months : what will be the share of each ? 

Ans. Bach officer 23/. 2*. 5d,, each midshipman 
171. 6s. 9f rf., each seaman 61. 7s. 2d. 



Alligation is the method of finding the value of any 
mixture or compound, that is formed of severaf ingredients ; 
the rule for which resolves itself into the following cases. 

I 2 
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CASE L 

When the rates and quantities of the several ingredients 
are given, to find the value of the compound, 

KULE.* 

Moltiplj each qnantitj bj its rate ; then divide the sum 
of the prodacts bj the ram of the quantities, or the whole 
composition, and the quotient will be the rate of the com- 
pound required. 

EXAMPLES. 

(1.) Suppose 15 bushels of barlej at 5s, per bushel, and 12 
bushels of rye at 3^. 6d. per bushel, were mixed together : how 
must the compound be sold per bushel without loss or gain ? 

5s,=60d. Ss. 6d,=42d. 15 

15 12 12 



900 504 27 SLSS 

900 — 



27)1404(52(/.=4*. 4d.=the Ans. 
135 



54 

54 



(2.) A composition being made of 5 lb. of tea at 7s. per lb., 
9 lb. at Ss. 6d. per lb., and 14^ lb. at 5s. lOd. per lb., what is 
a lb. of it worth ? Ans. 6s. lO^d. 

(3.) Mixed 4 gallons of low wine at As. lOd. per galL with 7 

* The truth of this rule is too evident to need a demonstration. 

Note. The 24th part of a pound of pure gold is called a carat ; and if 
any mass of this metal be mixed with another of a baser kind, -which is 
called the alloy, the mixture is said to be of so many carats fine, ac- 
cording to the proportion of pure gold contained in it; thus, if 22 carats 
of pure gold and 2 of alloy are mixed together, it is said to be 22 carats 
line. 

An ounce, or any other mass of silver, on the contrary, is said to be 
of so many pennyweights fine, according to the number of penny- 
weights of pure silver contained in it ; and if, in either of these cases, 
any one of the simples should be of little or no value with respect to 
the rest, its rate is supposed to be nothing, as water mixed with wine, 
and alloy with gold or silver. 
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gallons at 5$. Sd» per gall., and 9| gallons at 5s, 8d, per gall. ; 
what is a gallon of this composition worth? Ans, 5s. 4\d. 

(4.) A mealman would mix 3 bushels of coarse flour at 
3.V. 5d. per bushel, 4 bushels at 5s. 6d. per bushel, and 5 
bushels at As. 8d. per bushel ; what is the worth of a bushel 
of this mixture ? Ans. 4s. 7^. 

(5.) A goldsmith melts 8 lb. 5^ oz. of gold bullion of 14 
carats fine, with 12 lb. 8^oz. of 18 carats fine: how manj 
carats fine is this mixture ? Ans. 16^^^ carats. 

(6.) A refiner melts 10 lb. of gold of 20 carats fine, with 
16 lb. of 18 carats fine ; how much alloj must be put to it to 
make it 22 carats fine ? 

Ans. It is not fine enough by Sy^ carats^ so that no 
alloy must be put to it, but more gold. 

CASE n. 

To find what quantity of any number of ingredients, whose 
rates are given, will compose a mixture of a given rate. 

RULE.* 

1. Write down the rates of the ingredients in a column 
directly under each other. 

2. Connect by a curved line, the rate of each simple, which 
is less than that of the compound, w'th one or any number of 
those that are greater, and each greater rate with one or any 
number of those that are less. 

3. Put the diff*erence between the mixture rate, and that 
of each of the simples opposite the contrary rate with which 
it is linked. 

4. Then if only one difiference stand against any rate, it 
will be the quantity belonging to that rate ; but if there be 
several, their sum will be the quantity. 

EXAMPLES. 

(I.) A merchant would mix wines at 17*., 185. and 22*. per 
gallon, so as that the mixture may be worth 20s. the gallon ; 
what quantity of each must be taken ? 

* Demon. By connecting the less rate with the greater, and placing 
the differences between them and the mean rate, alternately, the quan- 
tities resulting are such, that there is precisely as much gained by one 
quantity as is lost by the other, and therefore the gain and loss upon the 

I S 
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20 



(6.) How mnch sugar at 4cf., at 6d., and at lid. per lb. 

17 '\2at I7s, Obs. 22-20=2 

18 I 2 at ISs, 22—20=2 
f 20-17=31 _. 

22 J 3 -1-2=5 at 225. 20-18=2J~^ 

A?is, 2 gallons at 17 s.; 2 at ISs. ; and 5 at 22s. 
Proof 2 gals. at 17 s.^ 34a 
2 gals. at 18^.= 36^. 
5 gals. at 22s. = 1 10^. 

~9 9)l80g. 

Value of the mixture 20s. 

(2.) How much low wine at 6s. per gallon^ and at 4*. per 
gallon, must be mixed together, that the composition ma j be 
worth 5s. per gallon ? Ans. I qt. or I gal. Sfc. 

(3.) How much British spirits, at 12*. and 155. per gallon, 
must be mixed with home-made wine at 7*. per gallon, in 
order to produce a mixture worth 10*. a gallon ? 

Ans. 3 at I2s. ; 3 at I5s. ; and 7 at 7s. 
(4.) A goldsmith has gold of 17, 18, 22, and 24 carats fine ; 
how much must he take of each to make it 21 carats fine ? 

Ans. Z of 17 \ 1 o/ 18 ; 3 o/22 ; and 4 o/24. 
(5.) It is required to mix British spirits at 8*., low wine at 
7*., cider at 1*., and water at per gallon together, so that 
the mixture may be worth 5*. per gallon. 

Ans. 5 gals, of brandy^ 4 of wine, 2 of cider, 
and 3 of water. 

whole must be equal, and is exactly the proposed rate ; and the same 
•will be true of any other two simples managed according to the rule. 

In like manner, let the number of simples be what they may, and 
with how many soever every one is linked, since it is always a less with a 
greater than the mean price, there will be an equal balance of loss and gain 
between every two, and consequently an equal balance on the whole. 

It is obvious, from the rule, that questions of this sort admit of a 
great variety of answers ; for having found one answer, we may. find 
as many others as we please, by only multiplying or dividing each of 
the quantities found by 2, 3, or 4, &c., the reason of which is evident ; 
for if two quantities of two simples make a balance of loss and gain, 
with respect to the mean price, so must also the double or treble, the \ 
or ^ part, of any other equimultiples or parts of these quantities. 

These kinds of questions are called by algebraists indeterminate or 
unlimited problems, and by an analytical process formulae may be ob- 
tained that will enable us to ascertain all the various answers of which 
they are susceptible. 
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must be mixed together, so that the composition formed by 
them may be worth Id, per lb. ? 

Ans, 4 lbs. of each sorty cr I lb , or I stone, or 1 cwt, 

or any other equal quantity of each sort, would 

be worth Id, per lb, 

CASE in. 
When the whole composition is limited to a certain quantity, ' 

RULE.* 

Find an answer as before by linking ; then say, as the sum 
of the quantities, or ditFerences thus determined, is to the 
giyen quantity, so is each ingredient found by linking, to the 
required quantity of each. 



♦ A great number of questions might be here given relating to the 
specific gravities of metals, &c. ; but as they are best performed by 
other means, I shall only give one of the most curious of them, and 
work out the example at large. 

Hiero, king of Syracuse, gave orders for a crown to be made for him 
of pure gold ; but suspecting the workman had debased it, by mixing it 
with silver or copper, he recommended the discovery of the fraud to 
the celebrated Archimedes ; and desired to know the exact quantity of 
alloy in the crown. 

Archimedes, in order to detect the imposition, procured two other 
masses, the one of pure gold, the other of silver or copper, and each of 
the same weight with the former; and by putting them separately into 
a vessel full of water, the quantity of water expelled by them determined 
their specific gravities; from which, and their given weights, the quan- 
tities of gold and alloy in the crown may be determined. 

' Suppose for instance the weight of each mass to be 10 U)., and that 
the water expelled by the copper or silver was '92 /6., by the gold 
•52 lb. J and by the compound crown '64 lb , and that it was required to 
find the quantities of gold and alloy in the crown. 

Here the rates of the simple are 92 and 52, and of the compound 64 ; 
therefore, 

- . 92 . . . 12 of copper or silver. 
*** 52 ... 28 of gold, 
for 64-52 = 12; and 92-64=28. 

But the sum of these is 12 + 28 =40, which should have been but 10; 
whence, by the rule, 

40 ; 10 : : 12 : 3 /&. of copper > , 

40 : 10 : : 28 : 7 lb, of gold J ^^® ^'^^''^'^• 

This method of solving the question, however, though very ingeni- 
ous, is now known to be inaccurate; as the specific gravity of a com- 
pound, of two or more metals, often differs considerably from the mean 
of the metals of which it is composed. 

i4 
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EXAMPLES. 



ri.) How much gold of 15, 17, 18, and 22 carats fine, 
must be mixed together to form a composition of 40 oz. of 
20 carats fine ? 

Here the differences between each of the quantities and the 
mean rate, as found by linking , are as beUm^ 



20^ 



15 . - - 2 

17 ... 2 

18 ... 2 



22 5 + 3+2=10 

^«6? 2 + 2+2+ 10=16, their sum. 
Whence, by the other part of the rule. 



16:40 






.40x2_80_ 
. 40xl0 _400_ 



Ans, 5 oz. of 15, 17, and 18 carats jfine, and 25 oz, of 
22 carats fine. 

(2.) A grocer has currants at Ad,, 6d,, 9d,, and 11 (f. per lb., 
and would make a mixture of 240 lb., so that it may be sold 
at Sd, per lb., how much of each sort must he take ? 

Ans, 72 lb. at 4d. ; 24 at 6d. ; 48 at 9d. ; and 96 at lid. 

(3.) How many gallons of British spirits, at 12^., 15^., and 
185. a gallon, must a rectifier of compounds take to make a 
mixture of 1000 gallons, that shall be worth 17^. a gallon ? 
Ans. 1 1 1^ a^ I2s. ; 1 1 H^ at I5s. ; and 777|^ at ISs. 

(4.) A druggist has two sorts of bark, worth 5s. 9d, and 
10^. a pound ; what portion of each must he take to make a 
mixture of 1^ cwt. that shall be worth 8s. 6d. a lb. ? 

Ans. 59^ lb. at 5s. 9d., and 108f^ at 10*. 



* In the same manner questions of this kind may be worked when 
several of the ingredients are limited to certain quantities, by finding 
first for one limit, and then for another. 

The last two rules want no demonstration, as they evidently result 
from the first, the reason of which has been already explained, 
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CASE IV. 

When one of the ingredients is limited to a certain quantity, 

RULE.* 

Take the difference between each price and the mean rate 
as before ; then, 

As the difference of that simple whose quantity is given 
is to the rest of the differences respectively, so is the quantity 
given to the several quantities required. 

EXAMPLES. 

(1.) How much home-made wine at 5^., at 6s, 6d,, and 6s, 
the gallon, must be mixed with 3 gallons at 4s, per gallon, so 
that the mixture may be worth 5s. Ad, per gallon ? 

{48,^ 8+2=10 
eOrj^ 8+2=10 
66^ 16 + 4=20 
72"^ 16 + 4=20 



10 
10 
10 



10 
20 
20 



3 
3 
3 



3 
6 
6 



Ans, 3 gallons at 5s, ; 6 at 5s. 6d, ; and 6 at 6s, 

(2.) A grocer would mix teas at 125., 105., and 6s, per lb. 
with 20 lb. at 4*. per lb., how much of each sort must he take 
to make the composition worth 8*. per lb. ? 

Ans, 20 lb, at 4s, ; 10 lb, at 6s, ; 10 lb, at lOs, ; and 
20 lb, at I2s, 
(3.) How much gold of 15, of 17, and of 22 carats fine 
must be mixed with 5 oz. of 18 carats fine, so that the com- 
position may be 20 carats fine ? 

Ans, 5 oz, of 15 carats fine, 5 oz, of 17, and 25 of 22, 
(4.) A rectifier of compounds, who has 500 gallons of 
spirits, worth 13^. 4d, a gallon, means to mix them with three 
other kinds, worth 12*. 6d,, 14*., and 16^. 6d, per gallon, 
in order to sell the whole at 155. 4d.; how much of each 
must he take ? 

Ans, 500 gals, at ISs, 4d. ; 500 gals, at I2s, 6d, ; 500 at 
Us, ; and 2642^ at I6s, 6d. 

I 5 
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Simple inttrtdt lip IBertmal£(. 

RULE.* 

Multiply the ratio, or rate of interest of 1/. for 1 year, by 
the time, and this product being again multiplied by the prin- 
cipal, will give the interest required : which interest, added 
to the principal, gives the amount. 

The ratio, or rate at simple interest of 1/. for 1 year, 
from 3 to 5 per cent, is as follows : 

£ £ £ 

3 per cent, is "03 for 100 
3^ -035 for 100 

4 -04 for 100 

4^ -045 for 100 

5 -05 for 100 

The interest of 1/. for one day is thus found. 
dat/s £ day £ 

As 365 : -05 :: l : -0001369863. 



£ 


£ 






: 3 : 


: -03 




: 3i ; 


: -035 




: 4 : 


: -04 




: 4i : 


: -045 




: 5 : 


: -05 



examples. 
(1.) What is the interest of 945/. 10*. for 3 years, at 5 per 
cent, per annum ? 

£ 
945-5 =/? 
•05 =r 
Theorem or rule, 

p=945-5/. 

r=-05 

^=3 



47-275 —pr 
3 ^t 



141-825 =prt=ii, the interest. 
20 



16-500 Ans. 141/. ISs. 6d. 
12 



6-000 



* The following theorems will show all the possible oases of simple 
interest; obserying that t'atbe interest, p » principal, /--time, a^ 
amount, and r the ratio, or the rate of interest of £l for a year. 

1. i==prt ^ f^^-P 

2. a = p(tr+l)^prt + p. ' pr 

Pt ' 



S. p 



tr+l 



5. r 



i 
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(2.) What is the interest of 7961. 15s. for 5 yeara, at 4 per 
cent, per ann. ? Am. 159/. 7s. 

(3.)What is the simple interest of 880/. for 1 J year, at 3^ 
per cent, per ann. ? Am. S81. iOs, 

(4.) What is the interest of 537/. 15«. from November 
11th, 1852, to June 5th, 1858, at 3f per cent. ? 

Am. 1 1/. 0*. O^d. 



IBiSiouttt bp Bttim&l& at Simple inttrt&t 

EDLE.* 

As the amount pf 1/. for the given time, and at the given 
rate per pound, is to 1/., so is the interest of the deht for that 
time to thediscount required : and if the discount be subtracted 
from the principal, the remainder will be the present worth. 
A TABLE ihoviing tiie numifr of duyt from one day of any manA to the 
game day of any oilier BiontA, 





From <wy day of | 


To 


Jul. 


Feb. 


H.r. 


Apr. 


M.y 


Juoe 


Julj 


Aug. 


S«pt. 
122 


~9a 


Sor. 


^ 


Jan. 


365 


SS4 


sa6 


US 


Ui 


514 


Feb. 


31 


36S 


.■^37 


306 


276 


S4S 


SI 5 


184 


153 


123 


92 


62 


j Mar. 


59 


as 


363 


334 


304 


273 


274 


212 


161 


151 


120 


90 


1 April 


90 


53 


31 


365 


335 


304 


243 


212 


182 


151 


May 


120 


69 


61 


30 


365 


334 304 


273 


242 


212 


ISl 


161 


June 


151 


120 


92 


61 


31 


365 


335 


304 


873 


243 


312 


1B2 


Ang. 


181 


150 


122 


91 


Gl 


30 


365 


334 
365 


303 


273 


342 


aia 


lai 


153 


122 


92 


61 


at 


334 


304 


373 


243 


Sepi. 
Oct 


243 


SIS 


184 
214 


153 
183 
214 
24l 


123 

164 


92 
"153" 


62 


31 


36S 


335 


304 


274 


273 


243 


1!3 


61 


30 


365 


334 


304 


Ko». 


304 


273 


245 


92 


61 


31 


365 


Dw. 


334 


303 


iir, 


214 


1S3 


1S3 


122 1 91 


61 


30 


365 


Note. 


day mu8t b«' u. 


the 
dEd 


ecd 
Dtb 


f th 


monlh of FebrnBTj be in the 



□ to be discoimled, ■' the in- 
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EXAMPLES. 

(1.) What is the discount, and also the present worth of 
573/. 15*. due 3 years hence, at 4^ per cent, per annum? 

Here '045 rate of U. per annum^r, 
S=t 



The formula 

. , srt 'lS5=rt=int of il. for S years. 

1+r^ r 



1'1S5=1 -j-rt^amount of ll.for 3 years. 



«=573-75/. 573-75=* 
/•=-045 •045=7- 
t=S 



286875 
229500 

25-81875=*r 
3=^ 

£= 77*45625 =5r^=iw^. of the debt for 3 years. 

srt 
Then 77*45625 ~ 1*135 = 68-243/. =rT—;= d, the discount. 

\-\-rt 

Or 1*135/. : 1/. :: 77*45625/. : 68*2434/.= 
68/. 4*. \0\d. the discount ^ as before. 

And 573/. 15*. -68/. 4*. 10^rf.=505/. 10*. \\d, the present 
worth. Or the present worth may be found by the formula 

p=-^^. Thus, 573 75-^1*135=505*506=505/. 10*. \\d. 

terest, p the present worth, t the time, d the discount, and r the rate of 
I/, per annum, we shall have the following theorems : — 

Thus, i—srt; d=- ; p — - • , present worth, 

' l + rt '^ l + rt^ 

8=p(l +rO; t= — —; ra=— -i-, the rate. 
'^ rp tp 

And if the same letters be retained, except making r in this case the 
rate per cent, per annum, the following table will represent all the vari- 
eties that can happen, with respect to present worth and discount, for 
any number of years, months, or days, according as the nature of the 
question may require. 
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(2.) What is the discount of 725/. 16*. for 5 months, at 
S^ per cent, per annum? Ans, III, lOs, 7frf. 

(3.) What ready money will discharge adebt of 1377/. 13*. 4rf. 
due 2 years, 3 quarters, and 25 days hence, discounting at 
4| per cent, per annum ? Ans. 1226/. 8*. 2^d. 



The present worth of any sum s at simple interest. 


Rate per cent 


l?'or t years. 


t months. 


t days. 


r per cent. 


100* 
^r+lOO 


1200* 
^ tr+ 1200 


36500* 

^r+ 36500 

II 



The discount of any sum *, paid before it is due. 


Rate per cent. 


For t years. 


t months. 


t days. 


r per cent. 


str 


str 


str 


tr 4- 100 


tr± 1200 

y 


tri- 36500 



Note. To find a general expression for discount, let p«*the principal, 
r= interest of 1/. for 1 year, and pastime in years. 

Then, since the person who advances the money loses no more than 
such a sum as, being placed out at interest for the time, will amount 
to the interest of the debt, this sum or loss is the proper discount, to 
find which we have 

prt 
l + rt : 1 '.: prt : ~- — -^discount required. Or, 

present worth '.pi: 1 : l+ri, 

:.lhe present «,orth^-J^ 

l + rt 

and p— , , =~ — -^discount as before, 
^ l+rt l + rt 
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equation of ^apnunts; bp IBenmald^ 

Having two debts due at different times, to find the 
equated time to pay the whole at once. 

RULE.* 

1. To the continued product of the first payment, the 
time between the payments, and the ratio or interest of 1/. 
for a year, add the sum of the payments, and call the result 
the first number. 



* No rule in Arithmetic has been the occasion of more disputes than 
that of Equation of Payments. Almost every writer upon this subject 
has endeavoured to show the fallacy of the methods made use of by 
others, and to substitute a new one of his own. But the only true rule, 
as it appears to me, is that given by Malcolm in page 621. of his 
Arithmetic^ the principles of which are derived from the consideration 
of interest and discount 

I have therefore rendered the rule, given above, conformable to that 
of Malcolm, except that it is not encumbered with the time before any 
payment is due, that being no necessary part of the operation. 

Demon, of tfie Rule. Suppose a simi of money to be due immediately, 
and another sum at the expiration of a certain given time forward, and 
that it is proposed to find a time to pay the whole at once, so that 
neither party shall sustain loss. 

In this case it is plain, that the equated time must fall between the 
two payments ; and that what is got by keeping the first debt after it 
is due, should be equal to what is lost by paying the second debt before 
it is due. 

But the gain arising from the keeping of a sum of money after it is 
due, is evidently equal to the interest of the debt for that time; and the 
loss which is sustained by the paying of a sum of money before it is 
due, is equal to the discount of the debt for that time. 

It is therefore obvious, that the debtor must retain the sum immedi- 
ately due, or the first payment, till its interest shall be equal to the dis- 
count of the second sum for the time it is paid before it is due ; because, 
in that case, the gain and loss will be equal, and consequently neither 
party can be the loser. 

Hence, to find such a time, let a^^lst payment, &» second, and t^* 
time between the payments ; r= ratio or interest of \L for 1 year, and 
«= equated time after the first payment. 

Then arx=interest of a for x time; and (6<r— 6rar)-4-(l + <r— r*) — 
discount of b for the time t—x. But arx = (Jbtr - 6rar) -?-( 1 + tr — rx) by 
the question ; from which equation 

* = —(a + 6 + art) + r— a/ {(a + 6 + arty - Aabrt^ . 
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2. From the square of this number, take four times the 
continued product of the two payments, tb,e ratio, and time, 
and extract the square root of the difference, which result 
call the second number. 

3. Subtract the second number from the first ; and the dif- 
ference, divided bj twice the product of the ratio and first 
payment, will give the equated time, after the first payment 
is due. 



Or if, for the sake of greater simplicity, there be put n=(a + 6) x — 

and m=6^ X ~, the last-mentioned equation will become 

ar ^ 

x=^i(t + n)±\^/{it + ny''4m}, 

And since i(,t + n), or its equal i'^^{(t + ny]t is evidently greater 

than jv'iCt + n)* — 4m], it is'" plain that a: will have two affirmative 

values, the quantities 5(t + n) + Jv'{(t + n)'— 4m}, and i{t'^■n)—^^/ 

{(/ + n)*— 4m}, being both positive. 

But it can be easily shown that only one of these values will agree 

with the conditions of the question ; the true answer, in all cases, being 

jr=J(^ + n)-J^/{(^ + n)«-4m}. 

For suppose the contrary, and let j:=J(t + n) + jA/{(f + n)' — 4m}. 

Thent-a:=t-i{t + n)-lA/{(f+n)«-4m];or,since<-J(f+n)=J(/-n) 

^W{it-ny]=^^/{(t + n)*-4tn}, we shall have t-x^i^/{{t + ny- 

^tn}-^^/[{t + ny-4m}, 

4 4 

But since 4fit» (at + ht) x — , and 4m » 5/ x — « it is evident that 

' ar car 

\V {(t + ny—4m} must be greater than J\/{(< + n)*— 4<n} ; whence 
i^/{(< + n)'-4^^} -iA/{(^ + n)«-4m}, or its equal <-ar, will be a 

negative quantity ; and, consequently, x will be greater than t ; that is, 
the equated time will fall beyond the second payment, which is absurd. 

From this demonstration, therefore, it appears, that the double sign, 
made use of by Malcolm, and every author since, who has given his 
method, cannot obtain, there being no ambiguity in the problem. 

The equated time for any number of payments may also be readily 
found when the question is proposed in numbers ; but it would not be 
easy to give algebraic theorems for these cases, on account of the vari- 
ation of the debts and times, and the difficulty of finding between which 
of the payments the equated time would fall. 

Also, supposing r to be the amount of 1/. for 1 year, and the other 

letters as before, then t + —^ ~ ° ^ will be a general the- 
orem for the equated time of any two payments, reckoning compound 
interest ; which is found in the same manner as the former. 
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EXAMPLES. 



(1.) Supposing 100?. to be payable 1 year hence, and 105/. 
3 years hence ; what is the equated time to pay the whole, 
allowing simple interest at 5 per cent, per annum ? 

100 \st payment. 215 105 

2timeoetw€en Ol f\ IHA 

thepavmenta, ^^^ A^^ 



200 
•05 rate 



10-00 
205=100+ 105 JSi2^ 

215 ^A^ 1st Number. 



1075 
215 
430 

46225 sq. 1st. No. 
4200 



• . . 



42025(205, the 2d No. 
4 



405)2025 
2025 



10500 
•05 

52500 
2 

1050-00 

4 

4200-00 



Then 



10 



215-205 



2x-05xlOO -1x100 10 



= Yt; = 1 year, the equated 



time from the first pajrment ; and consequently two years is 
the whole equated time. 

(2.) Suppose 400/. is to be paid at the end of 2 years, 
and 2100/. at the end of 8 years : what is the equated time 
for one payment, reckoning 5 per cent, simple interest ? 

Ans. 7 years. 

(3.) Suppose 300/. is to be paid at the end of one year, 
and 300/. more at the end of 1^ year ; it is required to find 
the time to pay the whole in one payment, allowing 5 per 
cent simple interest. Ans. l'24S^S7 years. 

(4.) A hundred pounds is to be paid at the end of 2^ 
years, and another 100/. at the end of 3^ years : required the 
equated time to pay the whole, allowing 4^ per cent, simple 
interest. Ans. 2-9938 years. 
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Compouitti ititttt^t bp Benmals;^ 

RULE.* 

Find the amount of 1/. for a year at a given rate per cent.^ 
and involve it to such a power as is denoted by the number 
of years. 

Then multiply this power by the principal or given sum, 
and the product will be the amount required. 



* Demon, Let rs amount of 1/. for 1 year, and p= principal or given 
sum ; then, since r is the |anount of ll for 1 year, r" will be its amoont 
for two years, r* for three years, and so on ; for when the rate and 
time are the same, all principal sums are necessarily as their amounts ; 
and consequently as r is the principal for the second year, it will be as 
1 : rl'.r I r"= amount for the second year, or principal for the third ; 
and again, as 1 : r : rr* : r'= amount for the third year, or principal for 
the fourth, and so to any number of years. 

Hence, if the number of years be denoted by t, the amount of 1/. for 
t years will be r* : from which it is plain, that the amount of any other 
principal sum p for t years is pr*, and the interest for that thae,pr*—ps 
which is the same as by the rule. 

And if the rate of interest be for any other time than a year, as j, j, 
&c., the rule is the same, making t represent that time. 

Let r= amount of iL for one year, at the given rate per cent ; p== 
principal or sum put out to interest; t = interest; <=time; and a = 
amount for the time t 

Then the following theorems will exhibit the solutions of all the 
cases in compound interest — 

1 . a =pj* = Ae amount 3. i =p(r* — 1 ) = Mc interest, 

2. p — -= the principal 4. 100 (r- 1)^100 (^ji — 100= rate per cent 

But the most convenient way of giving these theorems for the time, 
as well as for all the rest, is by logarithms, as follows : 

1. log. a=t.\og.T + log. p. 3. tJm^zlBSuP. 

2. log. p = log. a — t. log. r. 4. log. r = —^ — y — 5^. 

And if r be made to represent the amount of 17. for 1 time of pay- 
ment, and t the number of times, the above theorems will be equally 
true for i* ^ or any other part or multiple of a year. 

It may here also be remarked, that from theorem I, given above, 
and theorem 2, in single interest, it can be readily found that any 
sum of money, put out to compound interest, at five per cent, will 
double itself in about 14} years ; and if it be put out to simple interest, 
at 5 per cent, it will double itself in twenty years. 
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And if the principal be subtracted from the amount, the 
remainder will be the interest. 
When j?, r, t are given, to find L 

RULE. pr*^p=L 

EXAMPLES. 

(1.) What is the compound interest of 500^. for 4 years, 
at 5 per cent, per annum ? 

l-OS^^the amount oflLfor 1 year at 
1 -05 = r 5 per cent, 

525 
_1050^ 

M025=r2 
M025 =r^ 

55125 
22050 
11025 
1 1025 

l-215o0625=r4=4^A power of I'Oo. 
500 =p = principal. 

607-75312500=jor' ; that is, pr^— amount. 
500 ^^-p^^ principal. 

107-753125 =pr'-p=^i^lOV. Us. 0%d., the 
interest required. 

(2.) What is the amount of 760Z. 105. for 4? years, at 4 per 
cent, per annum ? Ans. 889/. 13*. 6i<f. 

(3.) What is the compound interest of 760Z. 10^. for 4 
years, at 4 per cent, per annum ? Ans. 129/. 3*. 6if/. 

(4.) What is the amount of 721/. for 21 years, at 4 per 
cent, per annum ? Ans. 1642/. 19^. 9W. 

(5.) What is the amount of 217/. forborne 2^ years, at 5 
per cent, per annum, supposing the interest payable quarterly? 

Ans. 242/. 13*. 4ic/. 



annuities?* 

An Annuity is any periodical income, payable from time 
to time, either annually, or at other intervals. 

They are usually divided into such as are in possession, and 
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such as are in reversion ; the former heing those that have 
already commenced, and the latter such as will not commence 
till some particular event has happened, or some given period 
of time has elapsed. * 

When the debtor keeps the annuity in his own hands be- 
yond the time of payment, it is said to be in arrears. 

Also the sum of all the annuities, for the time they have 
been forborne, together with the interest due upon each, is 
called the amount. 

And if an annuity is to be bought off, or paid all at once, 
at the beginning of the first year, the price which ought to 
be given for it is called its 'present worth, 

PROBLEM I. 

To find the amount of an annuity at simple interest, 

RULE.* 

Find the sum of the natural series of numbers, 1, 2, 3, &c. 
to the number of years less one. 

Then multiply this sum by one year's interest of the an- 
nuity, and the product will give the whole interest due. 

* Demon. Whatever the time is, there is dae upon the first year's 
annuity, as many years' interest, as the whole number of years, less 
one ; and gradually one less upon every succeeding year to the last 
but one ; upon which there is only one year's interest due, and none 
upon the last ; therefore in the whole there is due as many years' in- 
terest of the annuity as is denoted by' the sum of the series, 1, 2, 3, 4, 
&c., continued to the number of years less one. Consequently, one 
year's interest multiplied by this sum must be the whole interest due ; 
to which if the product of the annuity and time be added, the sum will 
evidently be the amount. 

Let r be the annual rate of 1/., n the annuity, t the time, and a the 
amount ; then will the following theorems give the solutions of all the 
different cases of this rule : 

1. a = ^'(2+(^-l)r|. 3 r^fc^). 

2. „ = _ ^^^— — J-. 4. f«— |n«(2-r)«x8arn"l -^:^. 

t[l + {t-\)r) 2ml ^ ^ J 2r 

The last of which involves the solution of a quadratic equation. 

These theorems are equally true when the annuity is payable half- 
yearly, quarterly, &c., provided t be made to represent the number of 
half-yearly, quarterly, &c. payments, and r be the interest of 1/. for 
the time when the first half-yearly, quarterly, &c. payment becomes 
due. 
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And if the interest be added to the product of the annuity 
and time, it will give the amount sought. 

EXAMPLES. 

(1.) What is the amount of an annuity of 50/. for 7 years, 
allowing simple interest at 5 per cent ? 

• Or hy theformula^ 

nt 
1+2 + 3+4+5 + 6=21 = 3x7. a=2-{2 + (^-l)r}. 

£8. £ 

2 10=lSS?c^V 50=n 7=^ 

3x7=21 7=^ 1 



7 10 2)350= w^ 6=^-1 

7 •05 = r 

175=^' — 



52 10=£?,^,:* • *'"-2 •30=(^-l)r 

350 0=50/. X 7 2'3 = 2+(^~l)r 2- 

2-3=2 + (^-l)r 

402/. io=;;s:sSi. 525 

350 

nt 
£402-5 = 2" {2 + (^— 1 )r] amount as before. 

(2.) If a pension of 600/. per ann. be forborne 5 years, what 
will it amount to, allowing 4 per cent simple interest ? 

Ans. 3240/1 

(3.) What will an annuity of 250/. amount to in 7 years, to 
be paid by half-yearly payments, at 6 per cent, per annum, 
simple interest ? Ans. 209 1 /. 5s. 

(4.) What will an annuity of 100/. per annum, payable 
quarterly for 7 years, amount to at 4^ per cent, per annum, 
simple interest ? Ans. 806/. 6s, Zd. 

PROBLEM n. 

To find the present worth of an annuity at simple interest. 

RULE.* 

Find the present worth of each year by itself, discounting 
from the time it falls due, and the sum of all these will be 
the present worth required. 

* The reason of this rule is manifest from the nature of discount, for 
all the annuities may be considered, separately, as so many single 
and independent debts, due after 1, 2, 3, &c. years ; so that the present 
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EXAMPLES. 



(1.) What is the present worth of an annuity of 100/. to 
continue 5 years, at 6 per cent, per ann. simple interest ? 



106 
112 
118 
124 
130 



100 
100 
100 
100 
100 









100 
100 
100 
100 
100 



94-3396 =jor^. 

89-2857=. 

84-7457=. 

80-6451=. 

76-9230=. 



worth \st year. 
. . 2nd year, 
. . ^rd year. 
. • Ath year. 
. . 5th year. 



£425-9391=425/. 18*. 9J«/.= 
present worth of the annuity required. 

(2.) What is the present worth of an annuity, or pension, 
of 500/. to continue 4 years, at 5 per cent, per ann. simple 
interest? Ans. 1782/. 3*. S^d. 

(3.) What is the present worth of an annuity of 50/. to 
continue 7^ years, at 4^ per cent, per ann. simple interest ? 

Ans. 317/. 0*. 10|J. 

PROBLEM m. 

To find the amount of an annuity at compound interest. 

RULE.* 

Make 1 the first term of a geometrical progression, and 
the amount of 1/. for one year, at the given rate per cent., 
the ratio. 

worth of each being found, their sum must be the present worth of 
the whole. 

Some writers, however, have objected to this rule ; but it would be 
needless to enter into the merits of the dispute, since the purchasing of 
annuities by simple interest is in the highest degree unjust and absurd ; 
a single instance of which will be sufficient to show Uie truth of this 
assertion. 

Thus the price of an annuity of 50/. to continue 40 years, discounting 
at 5 per cent will, by either of the rules that have usually been given, 
amount to a sum of which one year's interest only exceeds the annuity. 
It would, therefore, be highly ridiculous to give, for an annuity to con- 
tinue only 40 years, a sum which would yield a greater yearly interest 
for ever. 

♦ Demon, It 15 plain, that upon the first year's annuity, there will be 
due as many years' compound interest, as is denoted by the given 
number of years less one, and gradually one year's interest less upon 
every succeeding year, to that preceding the last, which has but one 
year's interest due, and the last none. 

Let r, therefore, = amount of 1/. for one year ; then the series of 
amounts for ] L annuity, for several years from the first to the last, is 
1. r, r*, r*, &c. to r'-* : the sum of which series, according to the rultf 
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Then find the sum of as many terms of the series as are 
equal to the number of years ; and the result, multiplied by 
tlie given annuity, will give the amount sought. 

EXAMPLES. 

(1.) What is the amount of an annuity of 401. to continue 
5 years, allowing 5 per cent, compound interest. 

1 + 1-05 + 1-05H 1-053+ 1-05*=5-52563125. 

Or by the formula^ 
£5-52563125 w(7^-l) »=40 
40 ^= r-1 r = l-05 
t=zS 



£221-025250 
20 



1-05»=1 -2762815 =r« 
1- 



0-505000 -2762815=7-*- 1 

12 40= n 
r-l=-05)ll'0512600=w(r«-l) 



r—i 

Ans. £221 Os. 6d. 



in geometrical progression, will be _ = amount of 1?. annuity for t 

years. 

To find the sum of the series by geometrical progression. 

Let 1, r, r\ r*, &c. to r^^^aB^the canount 
Multiplying by r; r, r*. r\ r*, &c. . . H —ar 

Subtracting eq. 1 from eq. t r' — l^ar—a 

Or(r-l)a=r'-l 

r'— 1 

Whence the amount a«* — -% 

r— I 

And as all annuities are proportional to their amounts, we shall have 

ft 
1 : (r*— l)-r(r— 1) :: n : (r^-l) X — ji- —amount of any given annuity 

n, as was to be proved. 

__ nd^-l) , a(r-l) 

Hence a — ; — , and n ■= -^ — -i. 

r— I r — 1 

From which equations all the cases relating to annuities, or pensions, 

in arrears, may be conveniently exhibited in logarithmic terms, thus: 

1. Log. Oho Log. n + Log. (i-*— 1)— Log. (r— I). 

2. Log. n»Log. a + Log. (r— l)-Log. (r*— 1). 

Log , ( m-ar— g ) — Log, n 

I^g. r 
The ratip cannot be found in a direct manner, but it may be obtained 
by the rule of Double Position, page 213. 
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(2.) If 50/. yearly rent, or annaity, be forborne 7 years, 
what will it amount to at 4 per cent, per ann. compound 
interest? Ans. 394/. 18*. S}d. 

(3.) If an annuity of 100/. be forborne 23 years, what will 
it amount to, reckoning 5 per cent, compound interest ? 

Ans. 4143/. 0*. Id 

(4.) If an annuity of 1212/. per annum be forborne 76 years, 
to what sum will it amount, at the rate of 4 per cent, per 
ann. compound interest ? Ans, 566698/. 16*. 

PROBLEM IV. 

To find the 'present worth of an annuity at compound 
interest, 

RULE.* 

Divide the annuity by the amount of 1/. for a year, and 
the quotient will be the present worth of one year's annuity. 

Find, in like manner, the present worth for the 2nd, 3rd, 
4th, &c. year by dividing the annuity by the square, cube, 

* The rttason of this rule is evident from the nature of the question, 
and what was said upon the same subject in the purchasing of annuities 
by simple interest. 

And ifp be put » present worth of the annuity, and the other letters 
08 before, we shall have 

If na^one pound, then p^-j? rr; and n=^-~ — — ^, or ^-^ — ;— • 

r r r»(r— 1) r*-\ 1_ 

From which theorems all the cases, where the purchase of annuities 
is concerned, may be exhibited in logarithmic terms, as follows — 

1. Log./>»Log. n + Log. fl — -A —Log. (r-1). 

2. Log. n = Log. p + Log. (r — 1 )— Log. [ i J . 

3. ^_ Log- "-Log, {n^p-pr) 
Log. r 
Where the same observation may be applied to the logarithm of the 
ratio as at the bottom of the last page. 

If t be made to express the number of half-years, quarters, &c., n the 
half-yearly, quarterly, &c. payment, and r the sum of one pound and \, 
\, or other given part, of a year's interest, then all the preceding rules 
are applicable to half-yearly^ quarterly, &c. payments, the same as to 
whole years. 
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4th power, &c. of the «inoiint of 1/. for a year, and the sum 
of all these will be the value of the annuity sought. 

EXAMPLES. 

(1.) What is the present worth of an annuity of 40L per 
ann. to continue 5 years, discounting at 5 per cent, per 
annum, compound interest ? 

40 
i^TvT =:SS'095=present worth for 1 year, 

40 
y:^=36-281= 2 years. 

40 
-^^=34-553= Z years. 

40 

^i^= 32-908= ^ years. 

1 '05* 

40 

--— — r=31*341= ^ years. 

1-05* 

£173-178=173/. Zs.&^.^whole present worth 
of the annuity required. 
Or by the formula^ 

njf-l ) l-05« = l-276281=r« 

^-r^r-l) 1; 

•27628 l=r'-l 
Heren=40 r'= 1-976281 40=« 
_T^^ r~l= -05 

"*"" -06381405)11-051240(173-178 =^i?lz±), 

^=5 years. 6381405 r'(r - 1 ; 

present worth as 

46698350 before. 

44669835 

20285150 
19144215 

11409350 
6381405 

50279450 
44669835 

56096150 
51051240 

4944910 
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(2.) What is thepresent worth of an annuity of 21/. 10^. 9^. 
to continue 7 years, at 6 per cent, per annum, compound 
interest ? Ans. 120/. 4s. lOd. 

(3.) What is 70/. per annum, to continue 59 years, worth, 
in ready money, at tiie rate of 5 per cent, per annum ? 

Ans, 1321/. 6s. O^d. 

(4.) If a lease of 55^ years be purchased for 100/., what rent 
ought to be received in order that the purchaser may make 
5^ per cent, per annum for his money ? Ans. 5L I6s. 

PROBLEM V. 

To find the present worth of a freehold estate, or an an- 
nuity to continue for ever, usually called a perpetuity, at 
compound interest. 

RULE.* 

As the rate per cent is to 100/. so is the yearly rent to 
the value required. 



♦ The reason of this rule is obvious ; for since a year's interest of the 
price "which is given for the annuity, is the annuity itself, there can 
neither more nor less be made of that price than of the annuity, whether 
it be employed at simple or compound interest 

The same thing may also he shown thus : The present worth of an 

annuity to continue for ever is— + — + — + — &c. ad infinitum^ as has 

r r* r^ r^ 

been shown before ; hut the sum of this series, by the rule given in geo* 
metrical progression, is ; therefore r— 1 : 1 : :» : , which, when 

the rate per cent, is substituted for r, is equivalent to the rule. 

The following theorems show all the varieties of this rule : 

1. D = -!i_. 2.n=(r-l)x». 3. r=-+l. 

r— I p 

Note. The price of a freehold estate or annuity to continue for ever, 
reckoning simple interest, would be expressed by + — — + - — — -h 

— &c. ad infinitum ; but the sum of this series is infinite, or greater 

1 + 4r 

than any assignable number, which suflSciently shows the absurdity of 

using simple interest in these cases. 

It may here also be observed, that freehold estates are generally valued 

at so many years* purchase ; that is, at so many years' rent. Thus, if 

30 years' purchase be given for an estate, it is equivalent to the making 

K 
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EXAMPLB8. 

(1 .) A freehold estate brings in yeafljr 79/. 4«. : trtmt mitild , 
it sell for, allowing the purchaser 4^ per cent, compoand ti- 
terest for his monej? 

4-5 : 100 :: 79-2=n Or by the formula, p=:~, 

100 «=79-2 

ra: 1-045. 

4-5)7920-0(l760/l Ans. 

45 Hence 1-045-1 =r—l =-045. 



342 •045)79-2(1760/1 =7171. 

Ans. as before. 



315 

270 
270 



45 



342 
315 

270 
270 



(2.) What is the price of a perpetual annuity of 40/., dis- 
counting at 5 per cent, compound interest ? Ans. 800/. 

(3.) What is a freehold estate of 75/. a year worth, allow* 
ing the buyer 6 per cent, compound interest for his money ? 

Ans. 1250/. 

(4.) What is the difference between the value of a leasehold 
estate of 100/. per annum for 60 vears to come, and a free- 
hold, or perpetuity^ of the same sum, reckoning compound 
interest at 5 per cent, per annum ? Ans, 107/. Is, 5^ 

PROBLEM VI. 

To find the 'present worth of an annuity, or freehold es* 
tate in reversion at compound interest, 

a little more than Z\ per cent of the money laid out; if 25 years* pur- 
chase be given, it is 4 per cent ; and if 20 years' parchase, 5 per cent. 

For example, a freehold estate which brings in to its owner lOOt a 
year is worth 2500/., being 25 x 100, or 25 years' purchase, reckoning the 
compound interest of money at 4 per cent per annum. And the same 
estate is only worth 2000/. if money be reckoned at 5 per cent per annum, 
compound interest 
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RULE.* 

Find Hie present worth of the annuity, as if it irere to be 
entered on immediatelj. 

Then the present worth of the last present worth, discount- 
ing for the time between the purehase and commencement of 
the annuitj, will be the answer required. 

EXAMPLES. 

(1.) The reversion of a freehold estate of 79L 4s, per 
annum, to commence 7 years hence, is to be sold : what is it 
worth in ready money, allowing the purchaser 4^ per cent, 
for his money ? 

£ £ £ 

As4-5 : 100 : : 79-2 

100 



4-5)7920-0(1760/. = present worth, if entered on 
45 immediately, 

342 
315 



270 
270 



Hence (h045)7 = 1-360862, the amount of 1/. for 7 years,- 

lYfiO 
at A\ per cent and 1.350352 = 1293-297 = 1293/. 5*. 11^ = 

present worth of 1760/. to commence 7 years hence, or the 
whole present worth required. 

(2.) Suppose an estate is worth 20/. per annum, and that 
there is a fine of 100/. for a lease of 21 years: how much 
ought the rent to be increased, if the fine be dropped, allow- 
ing 5 per cent, compound interest ? Ans. 7/. 16*. 



* The reason of this role is sufficiently obvioos without a demon- 
stration. 

Those who wish to be acquainted with the manner of computing the 
value of annuities upon lives, may consult the writings of Demoivre, 
Simpson, Price, Morgan, Maseres, Milne, Baily, and Davies ; ail of 
whom have treated this subject in a very skilful and masterly manner. 

X 2 
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(3 ) TVliich is most advantageous, a term of 15 years in an 
pstate of 100/. per annum, or the reversion of such an estate 
for ever^ after the expiration of the said 15 years, computing * 
at the rate of 5 per cent, per ann. compound interest ? 

Ans, The first term of 15 pears is better than the rever- 
sion for ever afterwards by 75L 18*. 7^ 
(4.) Suppose I would add 5 years to a running lease of 15 
years to come, the improved rent being 186/. 7s. 6d. per 
annum ; what ought I to pay down for this favour, discount* 
ing at 4 per cent, per ann. compound interest ? 

Ans, 460/1 Us. l^. 



(9f 9ivitt)mttitsl ^roportton anli 

Arithmetical Proportion is the relation which quan- 
tities, of the same kind, have to each other with respect to 
their differences. 

Hence, three quantities are said to be in arithmetical pro- 
portion, when the difference of the first and second is equal 
to the difference of the second and third. And four quan- 
tities are in arithmetical proportion, when the difference of 
the first and second is equal to the difference of the third and 
fourth. 

Thus, 2, 4, 6, and 3, 7, 12, 16, are arithmetical propor- 
tionals. 

Arithmetical Progression is when a series of quantities in- 
crease or decrease by the same common difference. 

Thus, 1, 3, 5, 7, 9, 11, &c. is an increasing series in arith- 
metical progression, of which the common difference is 2. 

And 18, 15, 12, 9, 6, &c. is a decreasing series in arithme- 
tical progression, of which the common difference is 3. 

The most useful parts of this doctrine, as far as it relates 
to common arithmetical purposes, are contained in the 
following theorems : 

1. If three quantities be in arithmetical proportion, the 
sum of the two extremes will be double the mean ; and if 
four quantities of this kind be proportional, the sum of the 
two extremes will be equal to the sum of the tv^o means. 

Thus, in the proportion, 3, 6, 9, we have 3 + 9=2x6; 
and in the proportion 2, 5, 7, 10, we have 2-|-10=5-j-7. 



ABITHMETICAL PROPOBTION AND PKOGRESSION. 197 

2. Hence, also, an arithmetical mean between any two 

quantities is half the sum of those quantities. 

* 3 4-5 

Thus, an arithmetical mean between 3 and 5 is ———=4. 

3. In anj continued arithmetical progression, the sum of 
the two extremes is equal to the sum of any two terms that 
are equally distant from them ; or to double the middle term 
when the number of terms is odd. 

Thus, in the series 2, 4, 6, 8, 10, &c. we have 2 -|- 10=4 4- 
8=2x6=12. 

To this we may also add, that in all cases of arithmetical 
progression, any three of the five following terms being given, 
the rest may be found ; viz, H^^ first and last terms, commonly 
called the extremes^ the number of termSy the common differ^ 
encCy and the sum of all the terms.* 

PROBLEM I. 

The two extrerfieSy and the number of terms, being given, 
to find the common difference, 

RULE.f 

Divide the difference of the extremes by the number of 
terms less 1, and the quotient will be the common difference 
required. 

♦ If a = the first term, Z-slast term, n=» number of terms, rf= common' 
difference, and « = sum of all the terms, then all the cases that can 
happen in arithmetical progression may be solved by means of the 
following theorems : 

1. l^a±(n-\)d, 2. a=/ + (n-l)(/. 

3. «=-(a + /); or, »=?{2a + (n-l)rf}. 

. J l—a - 2« , , a— I 

A. a — . 0. n — J 5= 1 + — -. 

n— 1 a + / "~ a 

In which formulae, the upper sign is to be used, when it is an in- 
creasing series, and the lower sign when it is a decreasing series. 

It may here also be further observed, that each of these expressions 
may be derived from the two values of », given in the third. 

t The difference of the first and last terms of the series, when it is 

an increasing one, evidently shows the increase of the first term, by 

all the subsequent additions that are made to it, till it becomes equal 

' to the last ; and as the number of those additions is one less than the 

number of terms, and the increase by every addition, is equal, it is plain 

K 3 
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EXAMPLES. 

(1.) The extremes are 2 and 53, that is, the first term Is 2 
and last term 53, of an arithmetical progression, and the 
number of terms is 18 ; required the common difference. 

The theorem or formula is 53=/ 18=» 



d= 



l^a 2=a 



'^"^ 17)51(3=cf=^ 17=»-1 

51 »-^ — 

Or 
J /—a 53—2 51 ., ,, 

^=n-:ri=T8:r[=i7= ^^ "^ «''«^^'-- 

(2.) If the extremes be 3 and 19, and the number of terms 
9 ; what is the common difierence ? 

Ans, Thq difference is 2. 

(3.) A person having to travel from London to a certain 
place in 12 days, goes only 3 miles the first day, increasing 
every day by an equal excess, so that the last day's journey 
may be 58 miles ; required the number of miles by which hu 
journey is daily augmented. At^. Daily increase^ 5 mUes, 

PROBLEM n. 

The two extremes, and the common difference being giveny 
to find the number of terms, 

RULE. 

Divide the difference of the extremes by the common dif- 
ference, and the quotient, increased by 1, will be the number 
of terms required.* 



that the total increase, divided by the namber of additions, most give 
the difference of each of them separately ; and a similar mode of 
reasoning will hold when the series is a decreasing one ; whence the role 
is manifest 

* Since the difference oi the extremes divided by the namber of 
terms less one, gives the common difference, according to the last 
problem, it follows that the same difference divided by the eommon 
difference, must give the number <^ terms less one ; whence this 
quotient, augmented by one, must be the number of terms, which is 
the same as Sie rule. 
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EXAMPLES. 

(1.) The extremes are 2 and 63, and the common differ- 
ence 3 ; what is the number of terms ? 

53=/ 
The formula is 2=^ 

n=^ + l rf=3)51=/-a 

1 ^ 
TAe number of terms 18 =— -j— + 1 = 71, 

Or n = — T- -I- 1 =3 — s h 1 = 18, Me *m»i as before. 

(2.) The two extremes being 10 and 70, and the common 
difference 3, what is the number of terms ? Ans. 21. 

(3.) If the first term of an arithmetical series be 1 , the last 
term 10, and the common difference -^ ; what will be the 
number of terms ? Ans, 91 . 

PROBLEM ni. 

The first term and the common difference being given, to 
find the last or any other assigned term, 

RULE.* 

Multiply the number of terms less one, by the common 
difference, and add this product to the first term, when the 
series is increasing ; or subtract it from the first term, when 
it ia decreasing, and the result will give the term required. 

EXAMPLES. 

(1.) The first term of an increasing arithmetical series 

* If there be taken any aritbmetioal series of the general form 

a + (a±d) + (a±2d) + (a±3d) + (a±4d)-¥8cc.; 

where a denotes the first term, and d the common difference, it is plain, 
that whatever number n may be made to represent, that the 

»th term» fa±(n — \)d\i 

which expression, for both the cases above-mentioned, agrees with the 
rule. 

K 4 
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being 2, the common difference 3, and the number of terms 
30 ; it is required to find the last term. 

The formula is 30-1 =29=«-l 

/=« + (»— l)rf. — 

87=(w-l)rf 
2=a 

The last term 89=a+(«— l)c?=/. 

(2.) K the first term of a decreasing arithmetical series be 
30, the common difference 1^, and the number of terms 20, 
what is the last term ? 

20-1 = 19 =w-l 

19 
91 



28i=(w-iy 
30 =a 

The last term l^=c— (w— l)rf. 

(3.) If the first term of an increasing arithmetical series 
be i, the common difference ^, and the number of terms 50, 
what is the last term ? Ans, 24f . 

(4.) It is required to find the 100th term of an increasing 
arithmetical series, of which the first term is 1, and the com- 
mon difference 1^. Ans. 149^. 

(5.) It is required to find the 15th term of a decreasing 
arithmetical series, of which the first term is 6^, and the 
common difference -J-. Ans. \^, 

(6.) Supposing a debt can be discharged in a year, that 
is in 52 weeks, by paying 1/. the first week, 21, the second, 
3/. the third, and so on ; what will be the last payment ? 

Arts. 521. 

PROBLEM rV. 

The two extremes, and the number of terms, being given, 
to find the sum of all the terms. 
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RULE.* 

Multiply the sum of the extremes by half the number of 
terms, and the product will be the answer. 

Or if, instead of the last term, the first term, the common 
difference, and the number of terms be given, the sum of the 
series may be found thus : 

Multiply the number of terms less one by the common 
difference, and find the sum or difference of this product and 
twice the first term, according as the series is increasing or 
decreasing. Then, if this result be multiplied by half the 
number of terms, it will give the sum of the series. 



♦ Let a = l8t term of the series, ds= common difference, n = number 
of terms, and «sssum of all the terms. Then, in any increasing arith- 
metical series of the form a + (a + d) + {a + 2d) + (a + 3d) &c. to a + 
(n — l)(f, we shall have 

«=:'*{2a + (n-l)d}. 

And if the series be decreasing, or of the form a + (a—d) + {a — 2d) + 
(a— 3c?) &c. to a— (n— l)c?, we shall have 

The truth of which formulas may be shown thus : 
Suppose the same series to be placed under the given one, in an 
inverse order. 

Then will the sum of every two corresponding terms, from the 
beginning, be the same as that of the first and last. 

Whence any one of those sums multiplied by the number of terms, 
must give the whole sum of the two series ; and consequently half 
that sum will be the sum of the given series : thus, in numbers, 
Let 1, 2, 3, 4, 5, 6, 7, be the given series, 
and 7, 6, 5, 4, 3, 2, 1, the same inverted, 
then 8 + 8 + 8 + 8 + 8 + 8 + 8 = 8x7 = 56; and therefore 

1 + 2 + 3 + 4 + 5 + 6 + 7=— = 28; 

2 

which will hold in all cases, and is the same as by the rule. 

Note. The sum of any number of terms (n) of the series of natural 
numbers 1, 2, 3, 4, 5, 6, 7, &c. is =Jn(n + 1). 

Thus 1 + 2 + 3 + 4 + 5, &c. continued to 100 terms is = l^^-'ii^^ 

2 

60x101 = 5050. 

Also, the sum of any number of terms (n) of the series of odd 
numbers, 1, 3, 5, 7, 9, 11, &c. i8 = n'. 

Thus 1 + 3 + 5 + 7, &c. continued to 50 terms, is » 50^^2500, 

K 5 
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EXAMPLES. 

(1.) The first term of an arithmetical progression is 2, the 
last term 53, and the number of terms 18; required the sum 
of the series. 

Formula. 5%=-l—lctst term, 

^ n 2^a= first term, 

*=(« + /) 2 — "^ 

(^"hO^^ 55=^0-^-1= sum of the extremes, 

~=:9=-=^haI/num, of terms. 



or s= ^ xn. 



Sum of the series 495= -(a + /)=*. 

(2.) Given the first term 2, the common difierence B, and 
the number of terms 18, to find the sum of the series. 

Formula. IS -- 1 = 17 = n— I = No, of terms less h 

Tif ^ , 3 =id= common diff, 

s=^^{2a±{n^l)d] _ -^ 

51=(«-iy 
A=^2a^stw%ce first term, 

55=2a+(n— l)(f 
-=:9=-=^half num. qf terms. 

Sum of the series 495=#=-T[2a + (n— l)rf j. 

(3.) The first term is 1, the last term 21, and the number 
of terms 11 ; required the sum of the series. Ans, 121.- 

(4.) How many strokes do the clocks of Venice, which go 
on to 24 o'clock, strike in the compass of a day ? Ans. 300. 

(5.) The first term of an arithmetical series being 1, the 
common difierence 3, and the number of terms 1001, what 
is the sum of the series ? Ans. 1502501. 

(6.) Supposing a triangular battalion to consist of 20 
ranks, the first rank being 1 man, the second 4, the third 7, 
the fourth 10, and so on ; what is its number ? Ans. 590 men, 

(7.) The first term of a decreasing arithmetical series is 
10, the common difference ^, and the number of terms 21; 
required the sura of the series? Ans. 140. 

(8.) If 100 stones be placed in a right line, exactly a yard 
asunder, and the first a yard from a basket, what length of 
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ground must a person go who gathers them up singly, re- 
turning with them one by one to the basket ? 

Ant, 5 mi, and 1 300 t/ds. 

PROBLEM V. 

To find one or more arithmetical mean proportionalst bs' 
tween any two given numbers. 

RULE.* 

For one proportional only, add the two terms together, 
and take half their sum for the arithmetical mean required. 

But if two or more proportionals be required, subtract the 
less extreme from the greater, and this difference, divided by 
one more than the number of means, will give the common 
difference ; which being added continually to the less term, 
or subtracted from the greater, will give the number of 
means sought. 

EXAMPLES. 

(1.) Required the arithmetical mean between the numbers 
6 and 15. 

^meformulaU ^^^'if =?'.T/=«1' 

a-k-nb 



»t= 



fl=? 6 «Hrl = 2)21=o + »^ 

^ = ^5 — a-^nb. 

»- 1 Ans. 10i=-^qrr 

* The finding of any proposed number of arithmetical means between 
two given numbers, is the same as to interpose all the several terms of 
tb^ series between two given extremes ; which may be done thus : 

Let ageless extreme, 6a greater, and ns number of means or terms 
that are to be interposed. 

Then, since n + 2== number of terms of the series, if this be substi- 
tuted for n, in the formula given for the last or nth term of the series 
ki note, p. 199., we shall have 

a^-(n-¥ \)d=h'i whence J=-I1-. 

>n- 1 

Whence, by adding this value of the common difference continually 
to a, and all the following terms, there will arise 

na-vb (n-l)a + 26 (n-2)a + 3& « ^^ a + >^ 

n+l* n+l ' n+l ' «+l 

for any number (n) of arithmetical means, or interposed terms, between 
a and 6, as was required. 

K 6 
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(2.) It is required to find two arithmetical means between 
the numbers 2 and 8. 

h^a ffereS = b Then 2 

d= 2=a 2 

n-\-l 

n + l=2-|-l=3)6=i— a 4 one mean. 

Common difference 2=- ~ — 

— w-f 1 6 the otJier mean. 

(3.) Required the arithmetical mean between the nambers 
4 and 14. Ans. 9. 

(4.) It is required to find 3 arithmetical means between I 
and 2. Ans. \\y 1^, and If. 

(5.) It is required to find 5 arithmetical means between 2 
and 14. Ans. 4, 6, 8, 10, 12. 



©i ^tonwtn'cal proportion ani 
^roffrtsfsftom 

Geometrical Proportion is that relation of two quan- 
tities of the same kind, which arises from considering what 
part or parts the one is of the other, or how often it is con- 
tained in it. 

Hence three quantities are said to be in geometrical pro- 
portion, when the first is the same part or multiple of the 
second, as the second is of the third. 

And four quantities are in geometrical {N'oportion, when 
the fir&t is the same part or multiple of the second, as the 
third is of the fourth. 

Thus 3, 6, 12, and 2, 8, 3, 12, are geometrical propor- 
tionals. 

Direct proportion is when the same relation subsists be- 
tween the first of four quantities and the second, as between 
the third and fourth. 

And inverse or reciprocal proportion is when the first and 
second of four quantities are directly proportional to the 
reciprocals of the third and fourth. 

TTius 3, 6, 5, 10, are directly proportional ; and 2, 6, 9, 3, 
are inversely proportional ; because 2:6::^:^. 
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Geometrical Progression is when a series of quantities 
increase by a common multiplier, or decrease by a common 
divisor; which multiplier, or divisor, is called the ratio. 

Thus 2, 4, 8, 16, 32, &c., and 1, }^, ^, ^V» A> ^^' ^^^ series 
in geometrical progression ; the ratio of the first being 2, and 
that of the second ^. 

The most useful parts of this doctrine, as far as it relates 
to common arithmetical purposes, are contained in the fol- 
lowing theorems : 

If three quantities be in geometrical proportion, the pro- 
duct of the two extremes is equal to the square of the mean ; 
and if four quantities be proportional, the product of the two 
extremes is equal to that of the two means. 

Thus, if the proportionals be 2, 4, 8, and 3, 9, 5, 15, we 
shall have 2 x 8=42, and 3 x 15=9 x 5. 

Hence, also, a geometrical mean between any two quan- 
tities is equal to the square root of their product. 

Thus, a geometrical mean between 4 and 9 is ^/36, or 6. 

In any continued geometrical series, the product of the 
two extremes is equal to the product of any two terms that 
are equally distant from them, or to the square of the mean 
when the number of the terms is odd. 

Thus, if the series be 2, 4, 8, 16, 32, we shall have 2 x 32 
=4x16=83=64. 

To this we may add, that in all cases of this kind, any 
three of the five following terms, being given, the rest may 
be found ; viz. the^r*^ and last terms, commonly called the 
extremes^ the number of terms, the ratio, and the sum of all 
the terms.* 



• If a » first term, /^last term, n = number of terms, r=s ratio, and 
SB sum of all the terms ; then all the various cases that can happen 
in geometrical progression, may be solved by means of the following 
theorems ; 

1. l=^ar^-\ 2, a=— . 

3, *«»a( I 8 ;or«= . 

\r-l/ r-1 r-1 

\a/ log. r 

Where it is to be observed, that each of these formulae may be 
readily derived from the two values of a given in the third. 
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PROBLEM I. 

The first termy the ratio, and the number of terms being 
given, to find the last, or any other term assigned, 

RULE.* 

Find such a power of the ratio as is denoted bj the namber 
of terms less one, and the result multiplied by the first term 
will give the term required. 

EXAliPLES. 

(1.) The first terra of a geometrical series is 2, the ratio 
2, and the number of terms 13 ; required the last term. 

Here by the 1st 2 

theorem, 2 

l=zar^-^ — 

Or 1=2 X 2"-* 4:— 2nd power. 

Or /=2x2"=8192 4 

\6^4th power. 
16 

96 
16 



256 ^Sth power, 
16 



1536 
256 



4096= 1 2th power of 2. 
2=:first term. 



8192 which is the IcLst term, 
as required. 



But as n only enters into these expressions as an exponent of r, its 
value cannot be commodiously exhibited in any other -way than by 
logarithms. 

* In order to show^ the truth of this problem, let a >» first term, r= 

ratio, and n«=the number of terms ; then it is evident, from the nature 

of geometrical progression, that the series will be of the form a, or, ar\ 

"'k- ^^' *° "*"" '» "''^here the last term is the same expression %• that 

'hich is required to be found by the rule. 
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(2.) Required the 12th term of a geometrical series, whose 
*first term is 3, and ratio 2. Ans, 6144. 

(3.) The tirst term of a geometrical series is 1, the ratio 2, 
find the number of terms 23 ; required the last term. 

Ans. 4194304. 

(4.) The first term of a geometrical series is 1^, the ratio, 
or. multiplier 3, and the number of terms 10 ; what is the last 
term ? Ans. 29524^. 

(5.) The first term of a decreasing geometrical series is 
100, the ratio ^, or divisor 2, and the number of terms 10 ; 
what is the last term ? Ans. ^^. 

PROBLEM n. 

Given the first term, the last term^ and the ratio, to find 
the sum of the series. 

RULE.* 

Multiplj the last term by the ratio, and divide the difference 
of this product and the first term by the difference between 
I and the ratio, and the quotient will be the sum required. 

Or the sum of any series in geometrical progression may 
be found, by dividing the difference between 1 and such a 
power of the ratio as is denoted by the number of terms, by 
the difference between 1 and the ratio, and then multiplying 
the quotient by the first term. 

EXAMPLES. 

(1.) The first term of a series in geometrical progression 
is 1, the last term is 2187, and the ratio 3 : what is the sum 
of the series ? 

Formula 3. 2187=/, the last term, 

Ir—a 3=r, the ratio. 



s= 



r-1 



6561 = /r, product. 
l=a, the first term 

r-l=3-l=2)6560=/r-a 

Answer =z 3280=^^- =s. 
r—l 

• The demonstration of this rule may be given as follows : 
It is plain, from the nature of geometrical progression, that the 
series will be 

a + ar + at' + ar^ &c, ••••to ar**-*:**. 
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Or, if the last term be omitted, and the number of terms 8 
be taken instead of it, wc shall have 

- ^^—^ _ q (^-l ) Or thus, 3*= 6561 =ir^ or r^ 

*" r-1 "" (r-1) 1 



^=^^^'7^=3280 r-l=3-l=2)6560=r»-l 
3-1 ^_1 



3280= 



The sum of the series, as be/ore,=:S2S0 



r-1 
l=a 



r-l 



(2.) The extremes of a geometrical progression are 1 and 
65536, and the ratio 4 ; what is the sum of the series ? 

Ans. 87381. 

(3.) The extremes of a geometrical series are 1024 and 
59049, and the ratio is 1^ ; what is the sum of the series? 

Ans. 175099. 

(4.) A person being asked to dispose of a fine horse, said 
he would sell him on condition of having one farthing for 
the first nail in his shoes, two farthings for the second* a 
penny for the third, and so on, doubling the price of evary 
nail to 32, the number of nails in his four shoes ; what would 
the horse be sold for at that rate ? Ans. 4473924/. 5s. 3|J. 

(5.) One Sessa, an Indian, having first discovered the 
game of chess, showed it to his prince Shehram, who was so 

And if each side of this equation be multiplied by r, we shall have 

ar + ar^ + aH, &c.« • • • to at^=r8. 
Hence, if the first of these equations be subtracted from the second, 
there will remain 

— a + ar^y or ar^—a = rs—s='8(r — 1 ). 
And, consequently, by transposition and division, we shall have 

^ ar^—a /r"-l\ a(r»— 1) 
r-1 Vr-W r-1 

wh is the sum of the series when it is an increasing one. 

And if - be substituted for r, this last expression will become 



8 



(r«-l) /l-r«\ 



Which is the sum when the series is a decreasing one, agreeably to the 
rule. 
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delighted with the inventioti, that he bid him ask what he 
would as a reward for his ingenuity : upon which Sessa re- 
quested that he might be allowed one grain of wheat for the 
first square on the chess-board, two for the second, four for 
the third, and so on, doubling continually to 64, the whole 
number of squares : now, supposing a pint to contain 7680 
of these grains, it is required to find what number of ships, 
each carrying 1000 tons burden, might be freighted with the 
produce, allowing 40 bushels to a ton ? 

Ans. 938249922 ships. 

PROBLEM ni. 

To find one or more geometrical mean proportionals be- 
tween any two given numbers, 

RULE.* 

1. If one geometrical mean only be required ; multiply the 
two numbers together, and the square root of the product 
will be the mean sought. 

2. When two means are required; divide the greater of 
the given numbers by the less, and the cube root of the quo- 
tient will be the common ratio of the terms ; which being 

• To find any number of geometrical means between two given num- 
bers is, as in arithmetical proportion, the same as to interpose all the 
several terms of the series between two given extremes ; which may be 
done thus : 

Let a = less extreme, 6= greater, and n = number of means or terms 
that are to be interposed. 

Then, since n + 2 = number of terms of the series, if this be substituted 
for n, in the formula given for the last term in the preceding note, we shall 
have 

1 

arn+i = 6; or ra= [- )""*"*' 

Whence, by multiplying a, and all the resulting terms, continually by 
this value of the ratio r, there will arise 

1 1 1 1 

(a»6)"'''' (a^^6')"^'' {a^lf^^'^ &c to (a6»)"^^* 

For any number (n) of geometrical means, or interposed terms, between 
a and 6, as was required. 

Note. The arithmetical mean J(a + 5) of any two unequal numbers, 
a, i, is always greater than the geometrical mean, */ah ; the difierence be- 
tween them being less as the two given numbers, a, b, approach nearer 
to equality. 
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multiplied bj the least of the given numbers, gires the flist 
mean, and this multiplied hj the ratio gives the second 
mean. 

3. Wben any number of means are required ; divide tbe 
greater number by the less, as before ; then take sucb a root 
of the quotient as is denoted by the number of means, plus 
1, and it will be the common ratio ; with which multiply each 
term continually from the first term, and k will give the 
number of means sought. 

EXAHPLES. 

(1.) Required a geometi-ical mean between the numbers 3 
and 12. 

12 
3 

36(6 the mean required, 
36 



Or ^/ (3 X 12)= /v/ 36=6 /'Ae mean required, 

(2.) It is required to find two geometrical means between 
3 and 24. 

Here^=^S. 
o 

And 4^8=^2 the ratio. 
Whence 3x2 = 6 the \st mean. 
And 6x2=12 the 2nd mean. 

(3.) Required the geometrical mean between 10 and 20. 

Ans, 14-1421356. 

(4.) It is required to find two geometrical means between 
10 and 100. Ans. 21-54435 and 46-415901. 

(5.) It is required to find three geometrical meana between 
6 and 1536. Ans. 24, 96, and 384. 

(6.) It is required to find four geometrical means between 
3 and 96. Ans, 6, 12, 24, and 48. 

Position is a method of resolving certain questions that 
cannot be determined by the common direct rules of arith- 



SINGLE POSITION. 211 

metic; being so called because it makes iise of assumed 
numbers to work with, as if they were the true ones ; and by 
that means, discovers the numbers sought. 

It is usually divided into two cases, called Single and 
Double Position. 



Single ^osfttiom 

Single Position is a method of resolving such questions 
as have their results proportional to their suppositions ; being 
chiefly of use in determining such numbers, or quantities, as 
are increased or diminished by themselves, or any parts of 
themselves, a certain proposed number of times ; or by the 
multiplication or division of the number sought by any pro- 
posed number. 

RULE.* 

1. Take any number, and perform the same operations 
with it as would be required by the question to be performed 
by the true one. 

2. Then say, As the result of this operation is to the 
number made use of, so is the result mentioned in the ques- 
tion to the number required. 

EXAMPLES. 

(1.) A.'s age is double of B.'s, and B.'s is triple of C.'s, 
and the sum of all their ages is 140 : what is each person's 
age? 



* The reason of the method of resolving the kind of qaestions here 
mentioned, is founded upon the principle given in the rule, that the re- 
sults are proportional to the suppositions ; "which is too obvious to require 
any formal demonstration. 

_ X a 

For nx I X :: na '. a i or ~ : X :: - : a, 

n n 

XX CL CL 

And -+-&C. : « :: -+-&<s. : a ; and so on. 
n~~ni n — fii 

So that when the question involves the square or any higher power of 
the unknown quantity, this method of assumption cannot be applied. 
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Suppose A.'s age to be =60 
Then wUl B;8=~=30 



100 sum. 

Then 100 : 60:: 140 : 1^^=84 =A/s age. 

84 
Consequently y -^=42=B.'8. 

And ^=14=C/8. 

o 
Whence 84 -f 42 + 1 4 = 1 40, ^Ae proof. 

(2.) A person, after spending J and \ of Lis money, had 
60/. left : what had iie at first? Ans* 144/. 

(3.) Wliat number is that which being increased bv ^, \y 
and \ of itself, tiie sum shall be 125 ? Ans. 60. 

(4.) A general, after sending \ of his men a-foraging in 
one direction, and \ of them in another, had 700 remaining : 
what number had he in command ? Ans. 4200. 

(5.) A shepherd being asked how many sheep he had in 
his flock, said, If I had as many more, half as many more, 
and seven sheep and a half, I should have just 1000: how 
many had he ? Ans. 397. 

(6.) A certain sum of money is to be divided between 4 
persons, in such a manner, that the first shall have ^ of it ; the 
second \ ; the third \ ; and the fourth the remainder, which 
is 80/. : what was the sum ? Ans. 320/1 

(7.) It is required to divide 108 into three such parts, that 
■J- of the first, \ of the second, and \ of the third, shall be all 
equal to each other ? Ans. 24, 36, and 48. 

(8.) A person bought a chaise, horse, and harness, for 60/, ; 
the horse came to twice the price of the harness, and the 
chaise to twice the price of the horse and harness : what did 
he give for each ? 

Ans. 13/. 6*. 8c/. for the horse ; 6L 13*. Ad, for the 
harness ; and AOL for the chaise. 
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Double Position is a method of resolving certain ques- 
tions in the higher parts of arithmetic, by making two sup- 
positions of false numbers. 

It is chiefly applicable to the determination of such numbers 
as have their parts or multiples increased or diminished by 
some number which is no known part of the number sought ; 
and in finding an approximate value of the unknown quantity 
in various abstruse algebraical expressions, some of which 
scarcely admit of any other mode of solution. 

RULE.* 

Take any two convenient numbers, and proceed with them 
separately, according to the conditions of the question, noting 
the results obtained from each. 

Then, as the difference of these results is to the difference 
of the supposed numbers, so is the difference between the true 
result and either of the former, to the correction of the 
number belonging to the result used ; which correction, being 
added to that number, when it is too little, or subtracted from 
it, when it is too great, will give the answer required. 

Note, When the question is of such a kind, that the answer 
to it can only be obtained by approximation, the two sup- 
posed numbers should be each taken as near to the number 
sought as can be conveniently done ; and after the operation 
has been performed according to the rule, the number so ob- 
tained, and the nearest of the two former, may be taken as 
new suppositions ; and so on, till the answer is found to a 
sufficient degree of exactness. 



* This method, like that in Single Position, is founded upon the 
supposition mentioned in the rule ; which is, that the differences between 
the true and supposed numbers are proportional to the differences between 
the true and erroneous results : being a similar assumption to that which 
has usually been given by most other writers on the subject ; but the new 
form of the rule here proposed, which is rendered as simple as could be 
wished, will, it is presumed, be found better adapted to practice, and more 
easy to be remembered than any other that has yet been devised. 
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EXAMPLES. 

^ (1.) What number is that, which being multiplied by 6, 
the product increased bj 18, and the sum divided by 9^ the 
quotient will be 20 ? 

Let the two supposed numbers be IS and 30. 

Then IS And 90 

6 6 



108 180 

18 18 



9)126 9)198 

14 the 1st result, 22 the 2nd result 

Then 22 --U I 30-18 :: 20-14. 

6 X 12 
Or 8 I 12 :: 6 : — ^ — =9 the correction for the sup- 
posed number 18 ; and 18+9=27=<A« answer. 

12 x2 
Or 8 : 12 :: 22-20 : — g— =3 the correction for the 

supposed number 30. 

And 30— 3=27= ^Ae answer, as before, 

(2.) It is required to find such a number, that if the square 
of it be added to the number itself, the sum shall be 10. 

Here it is soon found that the number sought lies between 
2 and 3 ; which lety therefore, be the supposed numbers. 

Then (3 x 3) -h 3= 12 ^Ac 1*^ result 
And (2 X 2) -I- 2= 6 the 2nd result. 

Whence, 

1x2 1 
12—6 : 3—2 :: 12- lO : -5- =3 ^^e correction belong- 
ing to the \st restdt, 

1 8 
And consequently, 3 — o = rt=2*6'666 S^c. for the Ist ap- 
proximation. 
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Again, let 3 and ^ be the two supposed numbers. 

Then, (3 x 3) + 3= 12 the 1st result. 

^/8 8\ 8 64 24 88 , ^ ^ 
And (oXq) + o="q* + 'Q'='qr ^^^ 2na result, 

88 8 88 

^F^icwce 12 --^ ; 3-g:: lo-g-. 

20.1 _2 1 2 9 2 L__J_ 

^'^ 9 ' 3 '• 9* 3^9^20~3x20~"3xlO"~30 ^^^ ^^^^ 

, 8 1 81 27 ^^ , 
And, consequentli/,-o+^=o(\=iQ=2'7 the 2nd approxi- 
mation. 

27 8 
Again, let ^k and-^ be the two supposed numbers. 

^^ /27 27\ 27 729 270 999 ^ , 

Then, (^ 10^10;+ To =100+ iOO= 100 ''^^^*^'^''^'- 

^ /8 8\ 8 64 24 88 , ^ ^ 
Andi^x^j -{-o^-g+'g^^-g- the 2nd result. 

999 88 27 8 ,^ 999 

Whpnrp — • — — •• 10 

vvnence j^ 9-10 3 '* 100* 

191 . Jl^ .. _1^ . J_ J_ 900 3 3_ 

^''900 -30 •• 100- 30^100^191~"10xl91~1910 ^^^ 
correction. 

And, consequently, TTjH- iqiq ~Tqiq=^''^^^^^ ^^^ 3**^ ^P' 

proximation, or answer required; which is true to the last de- 
cimal ^gure, inclusively. 

(3.) What number is that which, being divided by 7, and 
the quotient diminished by 10, three times the remainder shall 
be 24 ? Ans. 126. 

(4.) What number is that which, being multiplied by 3, 
the product increased by 4, and that sum divided by 8, the 
quotient shall be 32 ? Ans. 84. 

(5.) It is required to find the cube root of 17, to six places 
of decimals. -^n^. 2*571282. 
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(6.) It is required to find a number which being added 
to its cube shall make 70. Ans. 4*040415. 

(7.) What number is that which, being added to its square, 
and that sum again to its cube, shall make 100 ? 

Ans, 4-264 nearly. 

(8.) It is required to find a number, that when multiplied 
by 16 times its cube root, and then added to 7 times the 
square root of the sum of that number and 55, the result 
shall be 110. Ans. 2*57 nearly. 



$ermutatuin«e antr Combmattonsf^ 

Permutation is the changing or varying the relative 
positions of a given number of things, so that no two parcels 
of them shall have the quantities they are composed of placed 
in the same order. 

Thus, the three letters, a, 6, c, may be permuted, or made 
to change their positions in six different ways; as a&c, acb^ 
haCy bca, caby and cba. 

Combination, is the several ways that a less number of 
things can be taken out of a greater, and combined together 
without regarding their order, or the places in which they 
may stand. 

Thus, the number of combinations of four letters, taken out 
of the five, abcde, are the five following: abcdy abce, 
abde, acde^ bcde. 

Composition, is the taking a given number of things, out 
of as many equal rows, or sets of different things, one out of 
each row, and combining them together. 

PROBLEM I. 

To find the number of permutations^ or changes of posi- 
tiony that can be made of any given number of things that 
are all different from each other, 

RULE.* 

Multiply all the terms of the natursfl series of numbers 



The reason of the rule may be shown thas : Any one thing a is in- 
capable of change, and therefore admits only of one position, as a. 
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from 1 up to the given number, continually together, and the 
last product will be the answer. 

EXAMPLES. 

(1.) How many changes may be rung on 6 bells. 

1 
2 

"2 
3 

"6 
4 

24 
5 



120 
6 



7 20=: the answer. 



Orlx2x3x4x5x 6=720 the answer. 

(2.) How many days can 5 persons be placed in a dif- 
ferent position, round a table at dinner? Ans, 120 days. 
(3.) How many separate permutations, or changes, may 

Any two things, as, a and 5, are only capable of two yariations, or po- 
sitions, as, a 6, 6a ; the number of which is expressed by the product of 
1x2=2. 

If there be three things, a, b, and c ; any two of them, leaving out the 
3rd, will have 1x2 variations ; and consequently, when the 3rd is taken 
in, there will belx2x3 = 6 variations. 

In the same manner, when there are four things, every three, leaving 
out the 4th, will have 1x2x3 variations ; consequently by taking iu 
successively the one left out, there will belx2x3x4 variations ; and so 
on for the following numbers. 

It may here be remarked, as a thing useful to masons, paviors, &c. that 
if two equal square pieces of any substance be divided diagonally, and 
the four separate pieces be each stained with different colours, they may 
be arranged, or put together, in 64 different ways, so as to form as many 
kinds of chequer work. 

And if four square pieces be divided diagonally, so as to make eight tri- 
angles, seven of which are stained with the primitive colours, red, orange, 
yellow, green, blue, indigo, and violet, and the 8 th white, the number of 
different kinds of chequer- work squares which may be formed of them 
is 256. 
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be made of the letters in the words RomOy Romania and 
Romanis ? 

Ans, In Roma 24, in Romani 720, and in Romanis 5040. 

(4.) How many changes, or transpositions, can be made of 
the words in the following verse : Tot tibi sunt dotes, virgo, 
guot sidera calo. Ans. 40320 changes, 

(5.) How many changes may be rung on 12 bells, and what 
time would it require, supposing 10 changes to be rung in a 
minute, and the year to consist of 365 J days ? 

Ans, 479001600 changes; 91 years, 26 days, 6 hours, 

PROBLEM n. 

To find how many permutations, or changes of position, can 
be made out of any given number of things, of which there 
are several of one sort, and several of another, Sfc, 

RULE.* 

1. Take the series 1x2x3x4, &c. up to the number of 
things given, and find the product of all the terms. 

2. Take, also, the series 1x2x3x4, &c. up to the number 
of given things of the first sort ; and 1x2x3x4, &c. up to 
the number of given things of the second sort ; and so on for 
the third or fourth, if necessary. 

3. Divide the product of all the terms of the first series by 
the joint product of all the terms of the remaining ones, and 
the quotient will be the answer. 

* This rule is expressed in algebraic terms thus : 

1x2x3x4x5, &c. to m « 

1 X 2 X 3, &c. to J9 X 1 X 2 X 3, &c to q, &c. 

where mBBnamber of things given, j9= number of things of the first 
sort, 9 B number of things of the second sort, &c ; the demonstration of 
which may be shown as follows : 

Any two different quantities, a, b, admit of two changes ; but if the 
quantities are the same, or a 6 becomes aa, there will be only one, which 

may be expressed by - — s"^* 

Any three quantities, a be, all different from each other, afford 6 vari- 
ations ; but if the quantities be all alike, or a 6c becomes a a a, these 
variations will be reduced to one, which may be expressed by 

1 x2x3 

1 x2x3~ 
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EXAMPLES. 

(1.) How many variations can be made of the letters in 
the word Bacchanalia ? 

1x2 (^^znumber ofcs)=^2 

1x2x3x4 (=number ofa's)=24i 

1x2x3x4x5x6x7x8x9x10x11 

(= number of letters in the word) = 39916800 

2 X 24=48)39916800(831600= the answer. 
151 
76 

288 



(2.) How many different numbers can be made of the 
following figures, 1220005555 ? Ans. 12600. 

(3.) How many varieties will take place in the succession 
of the following musical notes, fa, fa, /a, sol, sol, la, mi, fa? 

Ans. 3360. 



And if two of the quantities only are alike, or abc becomes aac, 
then the six yariations irill be reduced to these three, aac, aca, and 

caa; which may be expressed by — — k~^^' 

Again, any four quantities, abed, aU. different from each other, will 
admit of 24 yariations ; but if the quantities be the same, or abed be- 
come aaaa, the number of these yariations will be reduced to one; 

.... 1x2x3x4 , 
wnicli IS - — - — - — - = 1. 
1 x2 x3x4 

And if three of the quantities only be the same, or abed becomes 
aaab, the number of yariations will be reduced to the four following — 

1x2x3x4 
aaab, aaba, abaci, and baaa; which are —z — ;: — :;— ^4. 

1x2x3 

In like manner, it may also be shown, that if two of them be alike, or 
the four quantities he aabe, the number of yariations will be reduced 

to twelye ; which may be expressed by = — ■» 12, 

And by reasoning in the same manner, it will appear that the number 
of changes which can be made of the quantities abbcce,i8 equal to 

1 x2x3x4x5x6 
60 ; which may be expressed by —= — - — - — - — ^- =60 ; and soon. 
•^ '^ •'1x2x1x2x3 

L 2 
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PROBLEM in. 

To find how many permutationsy or changes of position^ can 
be made out of any given number of things^ that are all 
different from each other, by taking a given number of 
them at a time. 

RULE.* 

Take a series of numbers, beginning at the number of 
things given, and decreasing by 1, to as many terms as there 



* This rale, expressed in algebraic terms, is as follows : 
TO X (to— 1) X (to— 2) X (to — 3) &c. to n terms ; 

where m= number of things given, and n= quantities to be taken at a 
time ; the demonstration of which may be readily obtained by means of 
the following lemma : 

Lemma. The number of changes of m things taken n at a time, is 
equal to m changes of to— 1 things taken n— 1 at a time. 

For suppose any five quantities abode to be given. 

Then, leaving out a, let v == number of all the changes, or yariations, of 
every two, bc,bdt &c. that can be taken out of the four remaining quan- 
tities bcde, 

* And, in like manner, if b, c, <f, e, be successively left out, the number 
of variations of all the two's will still be=v ; as before. 

Also, if a be now put before each of these, in the form abc^abd^ &c. 
the number of changes will not be altered ; that is, v will still be = 
number of yariations of every three out of the five, abcde, when a is 
first. And the same will evidently take place, when bcde are put first. 

But these are all the variations that can happen of three things out of 
five, when a, 6, c, </, e, are successively put first ; and therefore the sum 
of all these is the sum of all the changes of three things out of five. 

But the sum of these is so many times v as is equal to the number of 
things; that is 5{', or mt;,=all the changes of three things out of five. 
And the same way of reasoning may be applied to any numbers what- 
ever. 

This being premised, the demonstration of the rule is as follows .* — Let 
any seven things abcdefg be given, and m be the number of quantities 
to be taken ; in which case to — 7 and n=?. 

Then, it is evident, that the number of changes that can be made by 
taking one by one out of five things will be 5, which let=t;. 

Then, by the lemma, when to=6 and ii=2, the number of changes 
will=mt;==:6 x 5 ; which lets=v a second time. 

And, consequently, by the lenmia, when to = 7 and n = Z, the number 
of changes will = TOr=7 x 6 x 5 ; that is, to»=to x (to— 1) x (to — 2), con- 
tinued to three, or n terms. And the same may be shown for any other 
numbers. 
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are quantities to be taken at a time ; then the product of all 
the terms of this series will be the answer required. 

EXAMPLES. 

(1.) How many changes can be rung with 3 bells out of 8 ? 

8 

7 

56 
6 



236= Answer, 



Or8x(8-l)x(8-2)=8x7x6=336=^w5. 

(2.) How many different numbers can be formed, by 
taking 5 digits out of the 10 that compose the common scale 
of notation ? Ans. 30240. 

(3.) How many different words can be made of 4 letters 
out of the 26 that compose the alphabet, admitting the con- 
sonants? Ans. 358800. 

PROBLEM IV. 

To find the number of combinations of any given number 
ofthingSy all different from each other^ taking any given 
number at a time, 

RULE.* 

Take the series 1, 2, 3, 4, &c. up to the number to be 
taken at a time, and find the product of all its terms. 

Also, take a series of the same number of terms, decreasing 

* This rule, expressed algebraically, as in the former instances, is, 

m »i— 1 in— 2 m-S « , , 

- X —r— X —r— X — - — , &c. to n terms ; 

12 3 4 

where m is the number of given quantities, and n those to be taken at a 
time. 

Demon, of the Rule, 1. Let the number of things to be taken at a time 
be two, and the things to be combined =m. 

Then when m, or the number of things to be combined, is only two, as 
a and 6, it is evident that there can be but one combination, as a 6, but 
if m be increased by one, or the letters to be combined be three, as a, 6, c, 
it is plain that the cumber of combinations will now be increased by 2, 
since with each of the former letters a b, the new letter c may be joined ; 

L 3 
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by 1, from the given number, out of which the election is to 
be made, and find the product of all its terms. 

Then divide the last product by the former, and the quo- 
tient will be the number sought 

EXAMPLES. 

(1.) How many combinations can be made of 6 letters out 
of 10? 

thi^s making abt ac, be. In this case, therefore, it is evident, that the 
-whole number of combinations will be truly expressed by 1 + 2 b:3. 

Again, if m be increased by one letter more, or the whole number of 
letters be four, as a, 6, c, d, it is evident that the whole number of com- 
binations must be increased by 3, since with each of the preceding letters 
the new letter d may be combined. Whence the combinations, in this 
case, will be truly expressed by 1+2 + 3. 

And in the same manner it may be shown, that the whole number of 
combinations of two in five things, will be 1+2 + 3 + 4; or two in six 
things, 1 + 2 + 3 + 4 + 5; and of two in seven, 1 + 2 + 3 + 4 + 5 + 6, &c. ; 
whence, universally, the number of combinations of m things, taken two 
by two, is«l+2 + 3+4 + 5 + 6 &c., to (w— 1) terms. 

But the sum of this series is=— x — ^ ; which agrees with the rule. 

2. Let now the number of quantities in each combination be sup- 
posed to be three. 

Then, it is plain, that, when m ^=3, or the things to be combined are a, 
b, c, there can be only one combination ; but if m be increased by one, or 
the things to be combined are four, as a, 6, c, tf, the number of combi- 
nations will be increased by 3 ; since three is the number of combinations 
of two in all the preceding letters a, b, c, and with each two of these the 
new letter d may be combined : whence the number of combinations, 
in this case, is 1 + 3. 

Again, if m be increased by one more, or the number of letters be 
supposed to be five ; then the former number of combinations will be 
increased by 6, that is, by all the combinations of two in the four pre- 
ceding letters a, b,c,d; since, as before, with each two of these the 
new letter e may be combined : and, therefore, in this case, the number 
of combinations is 1+3 + 6. 

Whence, universally, the number of combinations of m things, taken 
three by three, is 1 + 3 + 6 + 10 &c. to m— 2 terms ; the sum of which 

m TO — I TO— 2 VI * xv 1 

series is *= - x — -— x — r— , agreeably to the rule. 

1 ^ o 

And the same thing will hold, let the number of things to be taken at 
a time be what they may. 

Therefore the number of combinations of m things, taken n at a time, 

TO TO— 1 TO— 2 TO— 3 o ^ ^ , , 

= r- X — — — X — -— X — T— , &c. to n terms, as was to be shown. 
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1x2x3x4x5 x6(=the number to be taken at a tim€)=z 
720. 

10x9x8x7x6x5 (same number from 10)= 151200. 

720)151200(210=Mc answer. 
1440 



720 
720 



(2.) How many combinations can be made of 2 letters out 
of the 26 letters of the alphabet ? Ans. 325. 

(3.) Ho\{r many diflferent ways can 5 cards be taken out 
of 20, as in the game of piquet? Ans. 15504. 

(4.) In how many ways can 4 persons be taken for sen- 
tinels, out of a company consisting of 100 men ? 

Ans. 3921225. 

(5.) Eequired the number of combinations that can be 
made of 13 things out of 52 ; or how many deals a person 
may play at the game of whist without holding the same 
cards twice ? Ans. 635013559600. 

PBOBLEM V. 

7b Jind the combinations that any given number of things, 

. all different from each other, can be made to undergo, when. 

taken, by two^s, threes, S^c, up to the number of things given. 

RULE.* 

From such a power of 2, as is denoted by the number of 
given things, subtract the number of given things plus 1, 
and the remainder will be the whole number of combinations 
required. 



♦ Demon. It appears l)y the former rule, that the combinations of m 

things, taken two at a time, = -r x ~- ; when taken three at a time «= 

m in— 1 TO— 2 t X 1 ^ ^ J.- ^ m—l to— 2 

Y X — — - X — -— ; when taken four at a time, =— x —^-— x — -— x 
1 A o 12 3 

— — ; and so on to n at a time ; whence the smn of all these combin- 
ations is 

L 4 
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EXAMPLES. 

f 

(1.) It is required to find all the possible combinations, 
that can be made of a common suit of 13 cards, taking them 
by two's, three's, &c. at a time, up to 13. 

Here 2i3-(13 + l)=8192-14=8l78 the whoU number of 
combinations required. 

(2.) Required the number of combinations, or conjunc- 
tions, that the 7 planets. Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, and the Greorgium Sidus, can undergo, when 
reckoned two by two, three by three, &c. up to 7. Ans. 120. 

(3.) Required all the possible combinations, taken as in 
the last question, that the notes of the 12 registers, or rows 
of pipes in an organ, are susceptible of, and by which the 
sound is made to change from a soft and gentle one to others 
that are loud and solemn. Ans. 4083. 

PROBLEM VL 

To find all the possible permutations and combinations that 
any number of things can be made to undergo, when taken 
by two\ three* S9 Sfc, up to the whole number of things given, 

EULE.* 

Raise the number which is equal to the given number of 
things to such a power as is denoted by the number itself, 
and multiply the result, less 1, again by that number. 



m TO— 1 m TO — I TO— 2 TO TO— 1 TO— 2 TO — 3 
TO TO — 1 TO— 2 TO — 3 - TO— («— O 

r''-i-'-3-''-4-' *" " — i— • 

-n ^ «^ 'x 1 XI - x^ ■• ^ *** — 1 W TO — 1' TO — 2 

But 2"« or Its equal (1 + 1)"»= l+m + -x — — + - x x - — z + 

^ ^ ^ 1212 3 

TO TO — I TO — 2 TO — 3 a «-• -L • xt . /. 

"Y X — g— X —3— X -7— + »c. ; which is the same as the former series, 

when n =TO, excepting the two first terms 1 + to. 

Whence the number of combinations which to things can be made to 
undergo, when taken by two's, three's, &c. up to the giyen number, will 
be expressed by 2"»— (1 +to), agreeably to the rule. 

♦ Demon. Any one thing a admits of only one position, as a. 
Any two things a b may be permuted and combined 2* or four ways, 
as, aa, ab, ba, bb. 
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Then this product, being divided by the same number less 
1, will give the whole number of permutations and com- 
binations required. 

EXAMPLES. 

(1.) It is required to find the whole number of permuta- 
tions and combinations that can be made of the four letters a, 
i, c, d, when they are taken by two*s, three's, and by four's. 

„ 4^-1 , 256-1 ^ 255 ^ 1020 ^.^ ^, 
Here -— — x4= — - — x4=-t-x4=-^=340=;Mc 

o o o *> 

answer required, 

(2.) Eequired the whole number of permutations and com- 
binations that can be made of a suit of 13 cards, taking two by 
two's, three's, &c. at a time up to 13. Ans. 3281 14698808273. 

(3.) How many permutations and combinations, in the 
form of words, can be made of the 26 letters of the alphabet, 
taking them by two's, three's, &c. up to 26 ? 

Ans. 640236436341544360322854125993621 1926. 

PBOBLEM Vn. 

To find the compositions of any number, in any equal 
number of sets, the things themselves being all different, 

RULE.* 

Multiply the number of things in each set continually to- 
gether, and the product will be the answer required. 

Any three things, cr, 6, c, taken by two's, may be permuted and com- 
bined 3^ or 9 ways : as aa, ah, ha, ac, hh, ca, he, ch, cc. 

And, in general, n things, tal^en by two's, may be permated and com- 
bined n* different ways. In like manner, when they are taken by three's, 
the whole number of permutations and combinations will be n' ; when by 
four's, ft* : and universally, when they are taken n at a time, they will 
be ft". Hence, adding all these together, the whole number of permuta- 
tions and combinations in n things, taken by two's, three's, four's, &c. to 

n's, will be the sum of the geometrical series n + n' + n* f n*, &c. to n», 

nil I 

which is — —J- X n, agreeably to the rule. 

• Demon. Suppose there are only two sets ; then it is plain, that, if 
every quantity of one set be combined with every quantity of the other, 
it will make all the compositions of two things in these two sets ; and 
the number of these compositions is, evidently, tfie product of the number 
of quantities in one set by that in the other. 

1.5 
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EXAMPLES. 

(1.) Suppose there are 4 companies^ in each of which there 
are 9 men ; it is required to find how many wajs 9 men may 
be chosen, one out of each company. 

9 
9 

81 
9 



729 
9 



Or 9 X 9 X 9 X 9=6561 =: Answer. 



(2.) Suppose there are four companies ; in one of which 
there are 6 men, in another 8, and in each of the other two 
9 ; what are the choices, by a composition of 4 men, one out 
of each company ? Ans, 3888. 

(3.) How many changes are there in throwing 5 dice ? 

Ans. 777& 

Exchange is the method of finding what sum of the 
money of one country is equal to any given sum of the 
money of another, according to a certain given rate.* 

The real money of any country is certain pieces of metal, 

AgaiD, suppose there are three sets ; then the composition of two, in 
any two of the sets, when combined with every quantity of the third, will 
make all the compositions of three in the three sets. That is, the com- 
positions of two, in any two of the sets, being multiplied by the number 
of quantities in the remaining set, will produce the compositions of three 
in the three sets ; which is evidently the continual product of all the three 
numbers in three sets. And the same manner of reasoning will hold, let 
the number of sets be what it may. 

The doctrine of permutations, combinations, &c. is of very extensive 
use in various branches of science ; particularly in the calculation of 
annuities and chances. The subject might have been pursued to a 
much greater length ; but what is here done will be found sufficient for 
most of the purposes to which things of this nature are applicable. 

* Exchanges are carried on by the various merchants and bankers of 
Europe, by means of an instrument in writing, called a bill of exchange, 
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coined and made current bj public authority ; as sovereigns, 
shillings, &c. in England ; francs, centimes, &c. in France. 

Imaginary money is that which is chiefly used in keeping 
accounts ; as pounds sterling used to be, for which there was 
formerly no coin of equivalent value. 

The par of exchange is such a quantity of the money of 
one country, whether real or imaginary, as is intrinsically 
equal to a certain quantity of the money of another. 

Thus, 100/. sterling is worth from 105/. to 115/. Irish, as 
the exchange may happen to be; and from 130/. to 140/. of 
the currency of the West Indies. 

The course of exchange is such a variable or uncertain 
sum of the money of one place, as is proposed to be given for 
a certain or constant sum of that of another.* 

Thus Londcm gives 100/. sterling, which is a certain price, 
to Dublin for an uncertain number of pounds, shillings, and 
pence, Irish. And, on the contrary, Dublin gives an uncer- 
tain number of pounds, shillings, and pence, Irish, for a 
certain number of pounds sterling. 

Agio is the difference, in Amsterdam and other places, 
between the money of exchange, or that issued from the 
bank, which is usually called banco, and the currency ; the 
former being generally something finer than the latter. 

Usance is a certain time allowed by the merchants of one 
country to those of another, for the payment of bills of ex- 
change. 

Thus, usance, when employed singly, means at one month 
after date; double usance, at two months after date, &c. 
And half -usance is 15 days, whatever may be the length of 
the month, t 

Days of grace are a certain number of days that are 

and are usually transacted on the Royal Exchange of London, the Royal 
Exchange of Dublin, the Exchange of Amsterdam, and of the other 
principal cities of the Continent and America. 

* The fluctuation in the course of exchange is chiefly occasioned by 
what is usually called the balance oftradey which is the difference between 
the commercial exports and imports of one place with respect to those 
of another. 

t The term of a bill varies according to the agreement of the parties, 
or the custom of different countries ; some are drawn at sight, others at 
a certain number of days, or weeks, or months, after date. 

When the term of the bill is expressed in months, calendar months 
are understood. Thus, if a bill at one month be dated Jan. 1., the term 
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allowed for the payment of a bill after it becomes due ; which 
varies according to the custom of different countries, or to 
the distance of places from each other.* 

All the operations in exchange maj be performed by the 
Rule of Three and by Practice. 

ENGLAND, WITH HOLLAND, FLANDERS, AND 

GERMANY. 

Accounts are kept in these places in guilders, stivers, and 
pfennings ; or in pounds, shillings, and pence, as in England. 

The money of Holland and Flanders is distinguished by 
the name of Flemish^ and they exchange by the pound 
sterling. 



8 pfennings 
12 pfennings 

2 grotes 

6 stiver 
20 stivers 
2^ florins 

6 florins 



^make one 



grote or penny Flemish. 

schilling. 

stiver. 

schilling. 

florin, or guilder, 

rix-doUar. 

pound Flemish. 



Exchange from 33«. 6d. to S6s. 6d, Flem. per pound 
sterling. 

expires, Feb. L ; and if the bill were dated Jan. 28, 29, 80, op 31., the 
month would expire on the last day of February. 

* In England, all bills must be paid on the third day after their date 
is expired ; and such as fall due on a Sunday must be paid on Saturday. 
For bills at sight or on demand, no days of grace are allowed. 

It may here, also, be proper to remark, that when the holder of a bill 
disposes of it to another, he must indorse it, by writing his name on the 
back of it, which renders him a security for the payment. 

When a bill is presented for acceptance, which should be done as early 
as possible, it is generally left till the next day ; in which case the com- 
mon method is for the person on whom it is drawn to write his name at 
the bottom of it, with the word accepted; but any other writing, by him 
or his clerk, which does not imply a refusal, is deemed a legal acceptance. 

If a bill be refused acceptance, it must be put into the hands of a iVb- 
tary Public, and noted for non-acceptance ; if an accepted bill be refused 
payment, it must be noted or protested accordingly, and returned to the 
drawer ; by which he or any of the indorsers are liable to pay the bill 
with all costs. But if the holder makes an unnecessary delay in return- 
ing it, he can only sue the acceptor. 

A bill is not invalidated by bearing date on a Sunday, Christmas day, 
Good Friday, or any other holiday. 



EXCHANGES — HOLLAND, ETC. 229 

Agio from 3 to 6 per cent, for currency. 

Note, Any kind of foreign money is reduced to English, 
by saying. As the given rate of exchange is to U. sterling, so 
is any given sum foreign to the sterling sought ; and sterling 
money is reduced to foreign by reversing the operation. 

Also, banco is reduced to currency, by saying. As 100 
added to the agio I 100 :; banco : currency; and currency 
is dianged into banco by the reverse statement 



EXAMPLES. 

(1.) In 96L 6s. lid, sterling how many florins, &c. ; ex- 
change at 34«. Sd, Flemish per pound sterling ? 

At 20s. is once 961 6s. lid. 

lOs. w^ 48.3. 5^ 

3*. 4rf. M I 16 . 1 . If 

I0d.isl 4.0. 3| 

ld.is^ 0.8. Oi 

:ei64.19 .10 

6Jiofins=£l Flem. 



£989 .19.0 Ans. 989 Jlor. 19 st. 



(2.) In 612^ 14*. 9^. sterUng, how many Dutch rix- 
dollars ; exchange 35*. A^d. Flem. per pound sterling? 

Ans. 2603 rix-dol. 18 st. 1 gr. 5 pfen. 
(3.) In 3758 flor. 15 st. current, agio 5f per cent, how 
many pounds sterling; exchange at 35*. lld.1 

Ans. 330^ Ss. Sd. 
(4.) In 456/. 8*. sterling, how many rix-dollars current ; 
agio 4f , exchange at 36*. 1^. ? 

Ans. 2069 rix-dol. 2 flor. 10 st. 
(5.) In 2714 guild. 15 stivers, how many pounds sterling; 
exchange at 35*. 6d. Flemish per pound sterling? 

Ans. 2541 18*. 1^. 
(6.) In 290/. 1 1*. lOd. sterling, how many pounds Flemish ; 
exchange at 33*. lOd. Flemish per pound sterling, and agio 
at 4^ per cent ? Ans. 513/. 14*. l^. 

(7.) In 805/. 15*. Flemish, how many pounds sterling, the 
agio being 4 per cent and exchange 34*. 6d. Flem. per pound 
sterling ? Ans. 449/. 2,. 8^. 
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(8.) The course of exchange between London and Am- 
sterdam being S4s. 3d. at 2^ usance ; what ought Amsterdam 
to give at sight, supposing the interest of money to be 4 per 
cent? Afis. IL ISs, Hid. 

HAMBURGH. 

Accounts are kept at Hamburgh in marks and schillings, 
and the exchange is bj the pound sterling, as in Holland. 

6 phennings 1 fa grote, or penny 1 

12 pence j-make-j a schilling }> Flemish. 

20 schillings J (.a pound J 



Hamburgh banco, 
and currency. 



Hence a schilling banco is = 2 pence Flemish, 
And a mark banco is = 32 pence Flemish. 

Exchange from 33*. to 36*. Flem. per pound sterling. 

The mark banco is worth about n^d. sterling, making 
the par of exchange about 13 marks 10^ schillings per £ 
sterling. 

Agio from 18 to 20 per cent, for currency, and from 30 to 
35 per cent for light coin.* 




♦ The different moneys of Hamburgh are as follows : 

1. Bank money, which is inscribed in the bank-books, and transferred 
in payment from one person to another. 

2. Specie, or the hard rix-dollar, which is worth, when fall weight, 
about A per cent more than banco. 

3. TTie gold ducat, which is about 1 per cent, better or worse than 
banco, according to the price of bullion. 

4. Light coin, consisting chiefly of foreign moneys, which lose about 
38 per cent against banco. 

5. Cwrrency, which consists of various denominations of silver money 
coined at Hamburgh, since the year 1726. 

Hamburgh money was formerly distinguished by the word Lvhs, (from 
Lubec, the place of its coinage,) but the term, though still retained in 
most books of exchange, appears to be out of use among men of business, 
the word Hambro* being usually substituted in its place. 

It may here, also, be proper to observe, that the par between Hamburgh 
banco and currency is reckoned at 23 per cent agio, or 13 marks banco 
for 16 marks currency. And the par between English money and cur- 
rency is 43«. Flemish for \L sterling ; but there can be no permanent par 
yfith. banco, on account of the agio being always fluctuating. If the agio 
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EXAMPLES. 

(1 .) Reduce 2347 marks, 10 schillings, into pounds sterling ; 
xcbange 3t 34«. 6d, Flemish per pound sterling. 

Flem. Flem. ster. 

34«. 6d. : 2347 mar. lOs. 1 1 1/. 

12 16 

414 37662 

2 



414)75124(181^4=181/. 9*. 2d.=Ans. 
3372 
604 
190 

(2.) Exchange lOOZ. sterling into marks, at 13 marks, 10 
schillings per 1/. sterling. 

£ £ mar, sch. 

1 :' 100 :: 13. lo 

10x10=100 



136 . 4 

10 



Marks 1362 . 8 sch.ssAns. 



(3.) In 536Z. sterling how many marks; exchange at 
36*. id, Flemish per pound sterling ? Ans. 7303 marks. 

(4.) Reduce 300/. sterling into marks and schillings banco ; 
exchange at S5s. 3d, Flemish per pound sterling. 

Ans, 3965 marks, 10 sch, 

(5.) Reduce 4500 marks current into pounds sterling; 
exchange at 35*. 6d, Flemish per pound sterling, and agio 
20 per cent. Ans, 281/. ISs. d^d, 

(6.) Reduce 8234 marks, 10 schillings, banco, into pounds 
sterling ; exchange at S3s. lOd, Flem. per pound sterling. 

Ans. 649/. Os. S^d. 

(7.) Reduce 8732 marks current into pounds sterling ; 
exchange at 34*. 5d. Flemish per pound sterling, agio 20 per 
cent. Ans. 563/. 165. 2^. 

be 23, 1/. sterling is equal to d4«. ll{d.i but, by the estimation of mer- 
chants, the par is f^om d4«. 7d. to .34«. lOd., varying according to the 
price of gold and silver, and the fluctuation of the agio. 
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FRANCE. 



Accounts were kept in France, before the Reyolution, in 
livres, sols, and derniers ; but, at present, thej are kept in 
francs and centimes, and they exchange by the franc- 

The derniers and livres being now abolished, the exchanges 
are carried on through the medium of francs and centimes. 

10 centimes =2 sous =lcf. nearly English. 

100 centimes = 1 franc =9*52</. or about 9 j<?. English. 

26 fr. 21 centimes =£1 sterling English, and this is the 
par of exchange. 

EXAMPLES. 

(1.) Reduce 126Z. lOs. into francs and centimes ; exchange 
at 25 francs, 6 centimes, per 1/. sterling. 

1/. : 125/. 10*. :: 25 fr. 6 cents. 
20 20 100 



20 2510 2506 

2506 

£ £ fr. 

15060 Or I : 125-5 :: 25-06 
125500 2506 



5030 



7530 



2,0)629006,0 ' 6275 

2510 

1,00)3145,03 



3145 /r. 3 cents. 



3145-030/r. 



Ans. 3145/r. 3 cents. 



* Francs and livres were formerly synonymous ; bat by a coinage some 
years ago, the S-franc pieces were, by some mismanagement in the Mint, 
made too heavy, being worth 101 J sous instead of 100 ; in consequence 
of which the franc has been adapted to this accidental value, and is so 
estimated in all accounts, except in the small shop business, which is 
frequently settled in livres, as they still, in many cases, buy and sell by 
the old weights and measures. 
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(2.) Exchange 21420 francs, 75 Centimes^ into pounds 
sterling at 25-35 per £, 

As 25-35 : 



fr- 


£ 


420-75 : 


: 1 


1 





25-35)21 420-75(845/. =^w^. 
20280 



11407 
10140 



12675 
12675 

(3.) In 800/. sterling how manj francs; exchange at 25*35 
per 1/. sterling? Ans, 202S0 francs. 

(4.) In 16914 francs, 19 cents, how many pounds sterling ; 
exchange at 24 francs per pound? Ans. 704/. 15*. Ifrf. 

(5.) Reduce 96/. lOs, 6d, into francs ; exchange at 25-55 
per 1/. sterling. Ans. 24.66-2 francs. 

(6.) Reduce 32576 francs, 47 centimes into pounds ster- 
ling ; exchange at 25-21 per 1/. sterling. Ans. 1292/. 4^. Id. 

SPAIN. 

Accounts are kept in Spain in pesos, or dollars, reales, and 
maravedis, and they exchange by the peso, or dollar of plate. 

2^ maravedis = 1 cuarto of exchange. 

4 maravedis = 1 cuarto of hard silver. 



The old-coined pieces of France, "were 

24-livre pieces, called louis 1 . , , 

48-livre pieces, called double-loais J °^ 

And, 
6-Uvre pieces, 3-Uvre pieces \ . ., 
24-8ols, 12-8ols, and S-sols pieces J '" ®"^^^' 
The new-coined pieces of money of France, are 

40 francs, 20 fhmcs, and 10 francs, in gold. 
5 francs, 2 francs, IJ franc 1 . ., 
1 franc, ^ firanc, and } franc J *^ "*^®'' 
And copper sous, half-sous, and centimes. 
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34 maravedis or 16 cuartosi 
vellon, or 8^ cuartos, j- 
hard money J 

20 reales vellon, or 6J 
maravedis vellon 






1 real vellon*, or of 
exchange = about 2yL 
English. 

hard dollar, or peso 
duro, or peso fuerte= 
50d. to Sid. English. 

1 peso of exchange, or 
dollar of plate = from 
S7d. to 4id. 

ditto . . . ditto . . . 

1 peso fuerte, or hard del. 

1 doblon of exchange. 



■ = 1 ducat of exchange. 



• • . . 



15 reales, 2 marvs. vellon 
or 512 marvs. vellon 

8 reales of plate 
10^ reales of plate 
4 pesos or 32 reales of 
exchange 
375 marvs. vellon, or 11 
reales 1 marv. vellon. 

Obs. The peso fuerte or hard dollar =^660 maravedis,^ from 50d to 
5\d. Eng. ; and the peso of exchange or dollar of plate =512 maravedis = 
36d. to 39^., depending on the course of exchange. 

The real of plate or silver =4ld. nearly of English money ; but the real 
vellon is not quite 2^ 

EXAMPLES. 

(1.) In 9764 reales of plate, how many pounds sterling; 
exchange at 41|^ per peso of exchange or dollar of plate? 



8)9764 reales plate. 



Or thus, 



40=i of a £ 1220 10 
d. 

Hence 40 is 
1 is 



1 
1 

I ** i 

3 



is i 



i « 



1 



203 
5 
2 
1 




8 
1 

10 
5 

12 



peso. 
1 

4 1 

H 

101 



81 



d. 
4U 






reales, 
9764 
41| 



8 reales 



£212 .195. .Old.=Ans. 



9764 
39056 
8543^ 

8)408867i 
12)51 108i 



2,0)425,9 . Oi 
:€212.19.0i 



* The real vellon is now only an ima^nary money, used in exchanges, 
and in the public accounts. 

The money of Spain is distinguished into plate and vethnif the former 
being to the latter as 32 to 1 7 ; that is 23 maravedis vellon =17 maravedis 
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(2.) In 8756 reales vellon how manj reales of plate ? 

Ans, 4651 reales ofplaUy 20 mar. 
(3.) Reduce 7869 reales yelloii, 19 mar. into poundH 
sterling; exchange at ^\^d, sterling per peso. 

Ans, 901 7s. Z\d. 

(4.) In 89/. 2s. M\d. sterling how manj reales of plate, 

&c. ; exchange at 40^ef. per piece of eight, or peso of 8 

reales ? Ans. 4265 reales of plate, 25^ mar. 

(5.) In 2375 pesos, 6 reales, 17 mar. how many pounds 

sterling ; exchange at S4cd. per peso of exchange ? 

Ans. 336/. Us. S^d. 

(6.) In 16144 pesos, 4 reales, 22 mar. vellon, how many 

pounds sterling; exchange at 34 j(/. per peso or dollar of 

plate? Ans. 1232/. ISs. 3|^. 

PORTUGAL. 

Accounts are kept in Portugal in reis and milreis, and the 
exchange is by the milreis. 

400 reis 1 _„t . _„^ f crusado. 

1000 reis, or 2| crusados J °***^® ^°® I milreis. 

Exchange from 60d. to 67d. per milreis. 

EXAMPLES. 

(1.) In 669 milreis 72 reis, how many pounds sterling; 
exchange at 6s. 7d. per milreis ? 



mil, d. mil. reis, 

1 : 67 :: 669 72 

1000 1000 


'eis 
7|= 


Or thus, 
669 milreis. 

5*. w i 167 . 5 . 

6e/. is ^ 16 . 14 . 6 

Id. is ^ 2 .15 . 9 

72 rew = . . 4J 

£186 .15^.. 7 id. Ans. 
zAns, 


1000 reis 669072 i 
67 

4683504 
4014432 

1,000)44827,824 

12)448271 

2,0)373,5 . 7| 

:£186. 15. 



of plate. In exchange with England plate only if used, when the dollar 
of plaUt or peso of exchange^ is worth 97 yL tterling Englbh ; then the 
peto duro or peto/uertei or hard dollar, it worth 60a. 
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(2.) In 569/. 17«. lOd, sterling how many milreifl ; ex- 
change at 5s, Sd. sterling per milreis ? 

Ans. 2072 milreis, 333^ reis. 

(3.) In 754L I8s. 6cL sterling how many crusados; ex- 
change at 64^ per milreis ? Ans. 7022 cru. 223 r& 

(4.) In 2729 crusados, 372 reis, how much sterling ; ex- 
change at 62d. per milreis ? Ans. 282/. Is. lOJil 

(5.) Reduce 827 milreis, 160 reis, into pounds sterling i 
exchange at 63|€?. per milreis. Ans. 218/. Ss. sfi. 

VENICE. 

They keep their accounts at Venice in dollars, soldi, and 
denari, and exchange by the ducat and piastre. 
12 denarii f soldo. 

20 soldi j-make one < lira, or piastre of Leghorn. 
6J- lira J (^ ducat current* 

Exchange from 52d, to 54c/. per ducat, and from 45dL to 
54d. per piastre or lira. 

Agio from 20 to 30 per cent. 

iVbfe. — ^Leghorn, Naples, Genoaf, and most other parts 
of Italy, keep their accounts in the same denominations. 

EXAMPLES. 

(1:) In 7456 pias. 9 sol. 6 den. lira money, how many 
pounds sterling, exchange being at 49|€/. per lira? 

pias. 8. d. 

7456. 9. 6 • 

d. 



a, 

40 w J 1242. 14. 11 
8 w^ 248. 10. 11; 



Iwi 31 . 1 
|w^ 15.10. 



„wi 7.15 
iw| 3.17. 



2 




£1549 . \0s, \\d.z=^the answer. 



* There are three sorts of money at Venice, yiz. bank moneys in which 
they keep their accounts ; current money, which is the standard of their 
coin ; and picoJa, used for the purchase and sale of merchandise. 

t In Genoa and the Sardinian States they keep their accounts in 
centiaimi and the lira nuova, which latter is equal in value to the French 
franc, or about 9|dL English ; 100 centisimis i lira nuova. 
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(2.) In 278/. ITs. 9d. sterling how manj piastres of 
Leghorn ; exchange at 47|rf. per piastre ? 

Ans. 1412 pias. 16 sol. 8 den. 

(3.) Reduce 1549 due 18 sol. 1 den. bank money of 
Venice into sterling monej ; exchange at 47|^. sterling per 
ducat Ans. 308/. 4s. 3^. 

(4.) In 4789 due. 19 sol. 3 den. current money how many 
pounds sterling; exchange at 4^. Id. per ducat banco, and 
agio 20 per cent. ? Ans, 814/. I6s. 5d, 

(5.) In 415/. 17^. 4d. sterling how many ducats, &c. 
current ; agio 20 per cent., and exchange at 5Sd. per ducat ? 

Ans. 2259 due. 99 soldi. 

(6.) In 100/. sterling how many piastres of Leghorn ; ex- 
change at 52^c/. per ducat ? Ans. 2834 pias. 5 sol. 8^ den. 

RUSSIA. 

They keep their accounts at Petersburgh in rubles and 
copecs, and exchange by the ruble. 

50 copecs 1 fpoltin. 

2 poltins, or 100 copecs |-make one-! ruble. 
2 rubles J l_ ducat. 

Russia exchanges with London by way of Hamburgh or 
Amsterdam, at the rate of from 48 to 50 stivers per ruble; 
and sometimes directly with London from 4^. to 5^. per ruble. 

EXAMPLES. 

(1.) In 2634 rub. 58 cop. how many pounds sterling, ex- 
change at 4*. Sd. sterling per ruble ? 

2634 rtibles. 



4s. Od. is ^ 
6d.is^ 
2d. is^ 
58 cop.= 


526 . 16 . 

65 . 17 . 

21 . 19 . 

0. 2. 






H 




614/. 14*. 


S^d 



(2.) In 674/. 17*. 6d. sterling how many rubles ; exchange 
49 stivers per ruble, and 33*. 9^d. Flemish per pound ster- 
ling ? Ans. 2792 rub. 46 cop. 

(3.) A merchant at London remits to his correspondent at 
Petersburgh 47 IL 17*. 4d. ster. ; exchange 34*. 9^. Flem. 
per pound ster. for Amsterdam, and the exchange from 
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thence at 60 stivers per ruble ; how manj rubles must the 
correspondent receive ? Ans, 1967 rub, 68 eop, 

(4.) Received from Archangel per bill of exchange 4675 
rub. 46 cop. ; exchange 122 copecs per rix-dollar of 50 
stivers, and^ 34^. 7d. Flemish per pound sterling ; how much 
sterling is the sum ? Ans. 92SL 98, 2^. 

(5.) In 4675 rub. 46 cop. how many pounds sterling ; ex- 
change 122 copecs per rix-dollar current, agio 3 per cent , 
and 34«. 7d, Flemish per pound sterling ? Ans. 896/. 1 Is, 2^ 

POLAND AND PRUSSIA. 

Thej keep their accounts at Dantzig in florinSi grosheo, 
and penins, and exchange by the grosh. 

grosh. 

oort. 

florin, or Polish guilder. 

rix-dollar. 

gold ducat 



18 penins 
18 groshen 
30 groshen 

3 florins, or 90 gr. 

2 rix-dollars 



make one 



Exchange is made with Poland and Prussia by way of 
Holland, the exchange being from 240 to 295 groshen per 
pound Flemish. 

EXAMPLES. 

(1.) In 478/. 14*. 9d. sterling how many Prussia florins, 
&c ; exchange 255 groshen per pound Flemish, and SSs. 6d. 
Flemish per pound sterling ? 

205. Od. is once 478/. 14*. 9d. 

lOs. Od. is ^ 239 . 7 . 4^ 

35. 4d. is ^ 79 . 15 . 9^ 

2d.iB^ 3 . 19 . 9 

801/. 17*. Sd. 

8^=255 groshen. 



6415 .1.4 
400 . 18 . 10 



68 16 florins = the answer. 



(2.) In 6949 flor. 14 gros. 2 pen. Polish, how many pounds 
sterling ; exchange 260 J Polish groshen per pound Flemish, 
and 34*. Sd. Flemish per pound sterling ?•- 

Ans, 461/. 14«. 5i 

(3.) In 875/. 14;. Sd, sterling, how many riz-dollars^ 
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Polish ; exchange 290 groshen Polish per pound Flemish, 
and S4s. Ad, Flemish per pound sterling ? 

Ans, 4844 rix-doll, 9 grosh, 1 pen, 

(4.) In 674/. 18*. Ad, sterling how many PoUsh guilders, 
&c. ; exchange 274 Polish groshen per pound Flemish, and 
35«. 6d. Flemish per pound sterling ? 

Ans, 10941 guil, 16 grosh, 12 pen, 

(5.) In 546/. 175. 8rf. sterling how many gold ducats ; ex- 
change 295 groshen per pound Flemish, and 33*. \0d, Flemish 
per pound sterling ? Ans, 15 16 gold due, 37 grosh, 10 pen, 

SWEDEN. 

They keep their accounts at Stockholm in copper dollars 
and oorts, or in silver dollars, and exchange by the copper 
dollar. 



8 penins 

3 runstychens 

8 stivers 
32 runstychens 
96 runstychens 
24 marcs 



make one 



'runstychen. 
stiver, 
marc. 

copper dollar, 
silver dollar. 



. copper rix-dollar. 

The exchange here is subject to great variations, but is 
usually from 46 to 50 copper dollars per pound sterling. 

EXAMPLES. 

(1.) In 146Z. 17*. 6d, sterling how many copper dollars; 
exchange 48^ copper dollars per pound sterling ? 

146/. 17*. 6d, 

6x8=48 



881 . 5 . 




8 


7050 . . 
73 - 8 . 





7123 . 8 . 

5)70 . 
14 . 


9 
8 







Ans, 7123 cop, dolU 14 runs* 
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(2.) In 546/. Ids, 6^. sterling bow many silver dollars; 
exchange at 49|- copper dollars per pound sterling ? 

Ans. 9025 silv. dolL 1 1 run. 5 pen, 
(3.) In 674/. lis. 6d, sterling how many marcs, &c.; ex- 
change 48 copper dollars per pound sterling ? 

Ans, 43172 marcs^ 6 st 9 pen. 
(4.) In 11676 silver doll. 18 run. 7 pen. how many pounds 
sterling ; exchange 49 copper dollars per pound sterling ? 

Ans. 714/. 17*. 4^ 

(5.) In nil. 5s. 2\d. sterling how many Swedish rix- 

dollars ; exchange 35*. Id, Flemish per pound sterling, 106 

Amsterdam rix- dollars current for 100 Swedish rix-dollars, 

and agio 3f . Ans. 465 Swedish rix-doU. 

IRELAND. 

Accounts are kept in Ireland in pounds, shillings, and 
pence Irish, divided as in England. 

The par of 1*. in English in 1*. 1^. Irish ; and therefore 
100/. English is 108/. 6s, Sd. Irish. But the course of ex- 
change varies from 6 to 20 per cent. 

EXAMPLES. 

(1.) London remits to Ireland 787/. 15*. sterling ; how 
much Irish must London be credited, exchange at 10^ per 
cent. ? 

787/. 155. 

10x11+^=110^ 






7877 . 10 
11 




86652 . 10 
393 . 17 . 


6 


870.46. 7. 
20 


6 


9.27 
12 




3.30 
4 





1.20 Ans. 870/. 9*. 3id 
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(2.) Ireland remits to London 879/. 6s. 6(L Irish ; how 
much sterling must Ireland be credited for, exchange 11^ 
percent.? Ans. 7 87 1, l^s, I \^. 

(3.) London remits to Ireland 540/. lOs. sterling ; how 
much Irish must London be credited for, exchange 12 per 
cent. ? Ans. 6051. 7s. 2^. 



AMERICA AND THE WEST INDIES. 

In North America and tlie West Indies accounts are kept 
in pounds, shillings, and pence, as in England. 

But as there are here but few coins, thej are obliged to 
substitute a paper currency for carrying on their trade; 
which, being subject to many casualties, suffers a great dis- 
count in its negotiation. 

EXAMPLES. 

(1.) Reduce 1575/. 14^. 9d. West India currency to pounds 
sterling ; exchange being 35 per cent. 

135/. : 100/. :: 1575/. Us. 9d. 

Or 27 : 20 4x5=20 



6302 . 19 . 
5 



r 3)31514. 15. 

3 X 9=27 -^ — 

1 9)10504 . 18 . 4 



£1167 . 4«. . Sd, the answer. 



UNITED STATES. 

100 cents =1 dollar. 

1 dollar = about 4^. 1^. sterling. 

But the fixed exchange value of the dollar at par is 
4*. 6d. sterling or currency. Sterling often bears a premium 
upon this of about 10/. per cent., 100/. sterling being worth 
1 10/. United States' money at 4s, 6d. per dollar. 

H 
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EXAMPLES. 

(1.) Exchange 100/. sterling into United States' dollars at 
par, and also at lOL per cent. 

s. d, £ dollar. 

As 4 6 : 110 :: 1 : 4SS dol. SS cents. 
12 20 



54 2200 

12 



54)26400(488 dollarSy 88 cents. Ans. 
480 
480 
48 
100 

54)4800(88 cents. 

(2.) A merchant in the West Indies is indebted to a mer- 
chant in London 575/. 19*. 6d. sterling ; with how much 
currency must he be credited in the West Indies, when the 
exchange is 33^ per cent. ? Aiis. 767/. \9s.Ad. 

(3.) A merchant of London consigns to the West Indies 
goods amounting to 578/. 195. 6£/., which are sold for 847^ 
15s 6d. currency ; what sterling ought the factor to remit, 
deducting 5 per cent, for commission and charges, and what 
does London gain per cent, upon the adventure, supposing 
the exchange at 30 per cent. ? Ans. 71. Os, Id. 



arbitration of ®)rtf)anfftsf. 

Arbitration of Exchange is a method of finding such 
a rate of exchange between any two places, as shall be in 
proportion with the rates assigned between each of them and 
a third place ; it being, by comparing the par of exchange, 
thus found, with the present course of exchange, that a per- 
son can judge which way to remit or draw his money to the 
most advantage, and what the advantage shall be. 

All questions in this rule may be performed by one or 
more operations in the Rule of Three, or by Compound 
Proportion. 
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EXAMPLES. 

(1.) If the exchange between Lbndoa and Amsterdam be 
33^. 9(L per pound sterling, aad the exchange between 
London and Paris be Z2d. per ^u ; what is the par of arbi- 
tration between Amsterdam and Paris ? 

2iO(L : BSs.9d. :: Z2d. 
12 

405 
32 



810 
1215 



24,0)1296,0(54 
120 



96 Ans» 54d. Fkm, per ecu, 
96 

(2.) Amsterdam changes on London at 34«. 4^. per pound 
sterling, and on Lisbon at ^2d, Flemish for 400 reis ; what 
ought the exchange to be between London and Lisbon ? 

Ans, l^^Q^d, sterling per milreis, 

(3.) London exchanges on Amsterdam at 34«. 9d, per 
pound sterling, and on Lisbon at 5«. 5g(/. per milreis ; what 
is the arbitrated price between Amsterdam and Lisbon ? 

Atis. 453 J Flem, per crusado, 

(4.) London is indebted to Petersburgh 5000 rubles : now 
the exchange between Petersburgh and England is at 50rf. 
per ruble ; between Petersburgh and Holland 90J. per ruble; 
and between Holland and England 36«. 4d, ; which will be 
the'most advantageous method for London to be drawn upon ? 

Ans. London will gain 91, lis, l^d, by making payment 
by way of Holland. 

(5.) Amsterdam has an order to remit a certain sum to 
Cadiz : and at the time of this order been given Amsterdam 
can remit to Cadiz at 9\\d, per ducat of 375 maravedis, and 
London can remit to Cadiz at 38cf. per piastre of 272 mara- 
vedis ; which then will be most advantageous, for Amsterdam 

M 2 
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to remit directly to Cadiz, or by way of London, exchange 
being 355. lOd. per pound sterling ? 

Ans, ISs. S^d, per cent, in favour of London, 
(6.) A merchant of London has 6000 guilders in the Bank 
of Amsterdam, and was offered 22d. sterling a piece for them; 
but not liking the offer, he indorsed a bill for the whole to his 
factor in Paris, who brought the money to France, by ex- 
changing at 5od. Flemish per crown ; he allowed the factor ^ 
per cent, commission for his trouble, and then drew upon him 
for the whole exchange at S2d. per 6cu ; how much was this 
better than the offer at 22d, per guilder ? Ans, 2SL ISs. 2-^^ 



iHistallantous! (©iwsttionsf. 

(L) A. was born when B. was 18 years of age; how old 
will A. be when B. is 41, and what will be the age of B. when 
A. is 72 ? Ans. A. 23, B. 90. 

(2.) How many bricks, 9 inches long and 4 inches broad, 
will floor a square room that is 20 feet on each side ? 

Ans. 1600. 

(3.) What sum of money, at 3^ per cent, will clear 38/. 
10*. in a year and a quarter's time? Ans. 880i 

(4.) If 2 acres of land will maintain 3 horses for 4 daysy 
how long will 5 acres of the same pasture maintain six 
horses ? Ans. 5 days. 

(5.) If 3/. be taken off from every 17/. in assessing the 
rent of a farm, what will the landlord receive out of an estate 
of 140/. a year, reckoning the tax at 4«. in the pound? 

Ans. na. l%s. 9id. 

(6.) What annuity is sufficient to pay off a debt of 2QOS^ 
in 30 years, at 4 per cent, per annum, compound interest ? 

Ans. 1156/. 12*. 

(7.) When will the hour and minute hand of a clock be 
perpendicular to each other next after 12 o'clock ? 

Ans. 16^ minutes past 12 o^clock. 

(8.) If by selling goods at 2s. 3d. per lb. I clear cent, per 
cent., what shall I clear per cent, by selling them for 9 guineas 
per cwt. ? Ans. 50/. per cent. 

(9.) Sold a piece of cloth, containing 1000 Flemish ells, for 
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850 gaineas, and gained upon everj yard ^ of ibe prime cost 
of an English ell : what did the whole piece stand me in ? 

Ans.17lL 17*. lO^jd. 

(10.) Sold goods for 60 guineas, and by so doing lost 17/. 
per cent,, whereas I ought, in dealing, to have cleared 20 per 
cent. : how much were they sold under their just value ? 

Ans. 28/. 1*. 8|§^. 

(11.) Laid out in a lot of muslin 500/., but upon examina- 
tion a third part of it proved to be damaged, so that I could 
make but 5s, per yard of it, and by so doing find I lost 50/. : 
at what rate per ell then must I sell the undamaged part, so 
that I may clear 50/. by the whole? Ans, lis. 7^d, 

(12.) How many oaken planks will floor a barn 60^ feet 
long, and 33^ feet wide, supposing the planks to be 15 feet 
long, and 15 inches wide? Ans, 108^^. 

(13.) A hare starts 40 yards before a greyhound; and is not 
perceived by him till she has been up 40 seconds ; she scuds 
away at the rate of 10 miles an hour, and the dog, on view, 
makes after her at the rate of 18 : how long will the course 
hold, and what ground will be run over, beginning with the 
outsetting of the dog ? 

Ans. SO^f^ sec, the time, and 530 yds, run, 

(14.) An island is 73 miles in circumference, and 3 foot- 
men all start together to travel the same way about it ; A. 
goes 5 miles a day, B. 8, and C. 10 : when will they all come 
together again ? Ans, 73 days. 

(15.) A., B., and C. are to share 100000/. in the propor- 
tion of 5, ^, and ^ respectively ; but C.'s part being lost by 
his death, it is required to divide the whole sum properly 
between the other two ? 

Ans. A.*spart is 57142f/., and B.'* 42857|/. 

(16.) If 560 men are besieged in a garrison, and have pro- 
visions only for 3 months ; how many men must leave the 
place, that the remainder may be supplied for 5 months ? 

Ans, 224. 

(17.) The amount of a sum of money which had been put 
out to interest is 100/., and the principal is just 7 times as 
much as the interest: what is the principal? Ans, 87/. 10*. 

(18.) If a garrison of 1200 men have provisions for 12 
months, but at the end of 3 months are reinforced with 500 
men, and 2 months after with 400 more ; how long will the 
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pfTovisions last, suppoeing no alteration to be made in Ae 
daily allowance of each man ? 

Ans, 8^ months in the whote. 

(19.) If two men in three dajs can earn 15^^ how mock 
can seven men earn in four days ? Ans. 3/. IOk 

(20.) A pipe of Glnches bore will mn off a certain quantity 
of liquor in 3 hours, in what time will 4 pipes, each of 8 
inches bore, discharge double the quantity ? Ans. 6 hours. 

(21.) If a barrel of beer be sufficient to last a fisuDtiily of 7 
persons 12 days, how many barrels will be drunk by a family 
of 12 persons in a year? Ans. 52^ barrels. 

(22.) Suppose the population of a country has increased a 
tenth part every year, and that there were 14641 persons ex- 
isting at tbe end of the first five years: how many mast 
there have been at the beginning ? Ans. 10000. 

(23.) If I buy a certain commodity at 6s. per lb. troy weight, 
how must I sell the same per oz. avoirdupois, so as neither to 
gain nor lose by the bargain ? Ans. 546d. 

(24. ) A general arranging a division of his army in the form 
of a solid square, found he had 44 men remaining ; but in* 
creasing each side by another man, he wanted 49 to fill up 
the square ; how many men had he? Ans. 2160. 

(25.) A per8(m dying worth 5460/. left his wife with child, 
to whom he bequeathed, if she had a son, ^ of his estate, and 
the rest to his son ; but if she had a daughter, ^ to the daughter, 
and the rest to her mother. Now it happened that she had 
both a son and a daughter ; how must the estate be divided, 
so as to answer the father's intention ? 

Ans. The son's 3120/., the mothers 1560/., and the 
daughter's part is 780/. 

{26.) If 3 men or 4 women can do a piece of work in 56 
days ; how long will one man and one woman, working 
together, be in doing it ? Ans. 96 days, 

(27.) Supposing the circumference of the earth to be 25000 
miles ; what is the length of a degree, minute, and second, of 
that circle? Ans. 1 degree=^69^ mUes, 1 mintite=zl.^ 

mile, and 1 second=S3^ yds. 

(28.) A lb. of gold, consisting of 1 1 oz. fine, and 1 oz. of 
alloy, used to be coined in the Mint of England into 44^ 
guineas ; what then is the value of a lb. of pure gold, sup- 
posing the alloy to be of no value ? Ans. 501. I9s. 5^dL 

(29.) A prize worth thirty thousand pounds is to be divided 
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among 1 colonel, 2 majors, 10 captains, 22 lieutenants, 10 
ensigns, 50 sergeants, 20 corporals, and 1000 privates, in the 
following proportion : the colonel is to have one-eighth of the 
whole ; the majors one hundred shares each; the captains 50; 
the lieutenants 25; the ensigns 20; the sergeants 5; the cor- 
porals 3 ; and the privates 1 : it is required to find the value 
of their respective shares ? 

Ans. Col 3750/., majs. 95 U. l*.8|§rf., capt 475L lOs. lOJ^, 
lieuts. 2SiL 15s, 5^d.y ens. 190/. 4*. 4t^., serg.47L 
Us. l^., Corp. 28/. lOs. 7i^d., priv. 9/. 10*. 2\%d. 

(30.) A merchant sold goods for 753/. more than he gave 
for them, and cleared bj the bargain 15 per cent.; what sum 
did he buy them for ? Ans. 5020/. 

(31.) A cistern, containing 60 gallons of water, has 3 un- 
equal cocks for discharging it ; the greatest cock will empty 
it in 1 hour, the second in 2 hours, and the third in 3 hours; 
in what time will it be emptied if they all run together ? 

Ans. 32-j^ minutes. 

(32.) If I buy goods for 600/. and sell them again imme- 
diately for 630/. giving 4 months' credit ; what do I gain by 
the bargain ? Ans. 19/. 13«. S\d. 

(33.) If the scavengers' rate at 1^. in the pound comes to , 
Qs. l^d. where they usually assess ^ of the rent ; what will 
the tax for that house be at 4«. in the pound, rated at the 
full rent? Ans. 13/. 5*. 

(34.) If A. can do a piece of work alone in 10 days, and B. 
in 13 ; in what time will it be finished if they are both set 
about it together ? Ans. 5^ days. 

(35.) A. and B. together can build a boat in 18 days, and 
with the assistance of C. they can do it in 11 days; in what 
time then would C. do it by himself? Ans. 28|^ days. 

(36.) If A, can do a piece of work alone in 10 days, and A. 
and B. together in 7 days ; in what time can B, do it alone ? 

Ans. 23^ days. 

(37.) A., B., and C, together, can complete a piece of work 
in 12 days; C. can do it alone in 24 days, and A. in 34 days; 
in what time would B. do it by himself? Ans. 8 If days. 

(38.) A. can do a piece of work in 3 weeks ; B. can do thrice 
as much in 8 weeks, and C. 5 times as much in 12 weeks; in 
what time can they finish it, if they are all employed at it 
together ? Ans. 6 days^ 5^ hours. 

(39.) If a cardinal can pray a soul out of purgatory, by 
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himself, in an hour, a bishop in 3 hours, a priest in 5, and a 
friar in 7 ; in what time can they praj out 3 souls, all prajing 
together ? Am. 1 A. 47 m, 23^ sec. 

(40.) It is required to divide 1500/. between A., B., and C, 
so that B. may have 72/. more than A., and C. 112Z. more 
than B. Am. A's share is 414f /., B/* 486f/., C's 598f/, 

(41.) Three merchants, A., B., and C., freight a ship with 
wine, A. had 284 tuns, B. 140, and C. 64 ; but the captain in 
a storm, was obliged to throw 100 tuns overboard ; what 
part of the loss did each sustain ? 

Ans. A. 58^ tum, B. 28^ turn, and C. 13^^ tuns. 

(42.) A traveller left Exeter at 8 o'clock in the morning, 
and walked towards London at the rate of 3 miles an hour, 
without intermission ; while another set out from London at 
4 o'clock the same evening, and walked towards Kxeter at 
the rate of four miles an hour ; now, supposing the distance 
between these two cities to be 130 miles, whereabouts on the 
road will they meet? Ans. 69f miles from Exeter. 

(43.) A reservoir for water has two cocks to supply it; by 
the first of which, alone, it may be filled in 40 minutes, and 
by the second in 50 minutes ; it has likewise a discharging 
cock, by which it can, when full, be emptied in 25 minutes ; 
now, if these three cocks are all left open when the water 
comes in, in what time would the cistern be filled, suppo^g 
the influx and efflux of the water to be always alike ? 

Ans, 3 ho. 20 min, 

(44.) If 231 solid inches make a gallon of wine old mea- 
sure, and 282 a gallon of ale ; how many gallons of wine 
will a cask hold that was made to contain 38 gallons of ale ? 

Am. 46-389 gal. 

(45.) A person left by will one half of what he was worth 
to his son, a third to his daughter, and 10000/. which re- 
mained to his widow ; what were their respective shares ? 

Am. Son's 30000/. and daughters 20000/. 

(46.) A court contains 40 square yards ; how many stones 
are necessary to pave it, each being 2 ft. by 1 ft. 6 in. ? 

Ans. 120. 

(47.) A water-tub holds 147 gallons, and the pipe that 
supplies it usually brings in 14 gallons in 9 minutes, while 
the tap discharges at a medium 40 gallons in 31 minutes; 
now, supposing these both to be carelessly left running for 
3 hours before the tap is shut, it is required to find in what 
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time the tub will be filled after this accident, in case the 
water continues flowing from the main ? 

Ans. 1 A. 3 972. 48^44 *^^' 

(48.) A Stationer sold quills at ll*. a thousand, by which 
he cleared |^ of the money ; but on their growing scarce he 
raised them to 13^. 6cf. a thousand; what did he clear per 
cent, by the latter price ? 

Ans, 96^L or 961. 7s. S-^jd. per cent. 

(49.) It is required to find the number of fifteens that can 
be made out of a common pack of 52 cards, as in the game 
of cribbage? Ans. 17264. 

(50.) Required the number of different sums that may be 
formed with a guinea, a half-guinea, a crown, a half-crown, 
a shilling, and a sixpence. Ans. 65986. 

(51.) In what time will 100/. put out at four per cent, 
compound interest, amount to 1000/. ? Ans. in 58*908 years. 

(52.) K a company consisting of 30 men be drawn up in 
a column, with how many different fronts can this be done, 
supposing five men to be always in front? Ans, 142506. 

(53.) Required the least number that can be divided by 
each of the nine digits, 1, 2, 3, 4, 5, 6, 7, 8, 9, without 
leaving a remainder ? Ans. 2520. 

(54.) How many palisades will surround a square fort, 
whose side is 150 yards, the centres of the palisades being 
10 inches asunder? Ans. 2160. 

(^^^ Suppose a general lays a contribution of 2000/. on 4 
towns, to be paid in proportion to the number of inhabitants 
in each ; and that the 1st contains 1200, the 2nd 1400, the 
3d 1600, and the 4th 1800; what part must each town pay? 

Ans. 400/., 466|/., 533^/., and 600/. 

{p%.^ Suppose a farmer has a calf, which at the end of three 
years begins to breed, and afterwards brings a female calf 
every year ; and that each calf begins to breed in like manner 
at t^e end of three years, bringing forth a cow-calf every 
year ; and that these last breed in the same manner, &c. ; 
it is required to determine the owner's whole stock at the 
end of 20 years ? Ans. 1278. 
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Examples for Practice on the preceding Table, 

(1.) Find the Dominical letter for 301, n. 8. b. c. Under 3 centuries 
N. 8. B. c. ; and against 1 on the right under n. s. will be found c the 
Dominical letter. 

(2.) Also for 1727 o. s. Here 1727 -j- 700 leaves rem. 327, which 
gives ▲ for Dominical letter after Christ, and £ for the Sunday letter 
before Christ 

(3.) Required the day of the week Ut January, 1800, n. s. X c, 
and I2th February^ 1852, N. s. A. c. 

Here 1800 is a common year, and 1 800 -f- 400 leaves 200 rem. for the 
tabular date, viz, 2 centuries, and no remaining years. Under 2 cen- 
turies N. 8. A. c. and against 0., the remaining years above centuries 
after Christ, on the left, is e, the Sunday letter ; under e in the line 
of Jan. and against 1«£, the date of the montb, is Wednesday, the day 
of the week required. For the year 1852 take the remainder 252, 
which gives c, and is a leap year, whence I2th Feb. is Thursday. 

(4.) Required the days of the week corresponding to the dates of the 
following registrations : — Samuel was bom on December I6th, 1789 
Hannah on 14/A July, 1791; Rebecca on llth October, 1800 
Ann on 2btk December, 1813; Alfred on 23rd February, 1821 
Augustus on 20th May, 1823; Sarah on 30th January, 1826 ; Newton 
on 6th December, 1832 ; and Mary Ann on 2Qth December, 1834 ? 

Ans. Samuel on a Wednesday ; Hannah on a Thursday ; Rebecca 
on a Saturday; Ann on a Saturday; Alfred on a Friday; Augustus 
on a Tuesday ; Sarah on a Monday ; Newton on a Thursday ; and 
Mary Ann on a Friday. 

(5.) What day of the month did the last Friday in January, February, 
August, and December, fall on in the year 1844, n. 8. a. c. ? 

Ana. 26th of January, 23rd of February, 30th August, 
and 27th of December. 

(6.) An elderly lady speaking of her age, says she was bom in the 
year 1760, but does not know on what day of the month : she only 
recollects hearing her father say it was the second Wednesday in Feb- 
ruary ; required the day of the month she was born? Ans. I3th. 

(7.) In what years of the I9tli century, after Christ, new style, does 
29^ February fall on a Friday ? 

Look in the table for 29th the given date of the month, and on the 
same horizontal line find the given day of the week, Fridav, directly 
over which, on the same horizontal line with Feb, (since 29m indicates 
leap year) will be found e. the dominical letter for the required year. 

For the I9th century find E. in the column for two centuries n. s. A.c. 
On the same horizontal line will be found the remaining years abovecen- 
turies after Christ, viz. 0, 6, 17, 23, -28, 34, 45, 51, '56, 62, 73, 79, -84, 
and 90, indicating 1800, 1806, &c.; the year 1800 is, however, excluded, 
since the 19/A century does not begin before 1 Jan., 1801 ; moreover, 
for 29th February, leap years only are to be taken, whence the years 
required are 1828, 1856, and 1884. 

(8. ) On what years of the \9th century. New Style, does Midsummer- 
day (24th June) fall on a Sunday? 
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Atu. 1804, 1810, 1821, 1827, 1832, 1838, 1849, 1855, 1860, 1866, 
1877, 1883, 1888, and 1894. 

(9.) Required the Dominical Letters for leap years and common 
years, when the Ist of January and Febmary fSedl on a Sunday? 

Ans, In leap years only o and c for January and February respect- 
ively ; and in common years a and d. 

(10.) According to Mr. Baily an eclipse of the son happened 30^ 
September, 610, b. c. o. s. Required the day of the week. 

In the column of 6 centuries b. c. o. s. (being the centuries of the 
given date, 610), and on the same horizontal line with 10 (the remain- 
ing years of the given date, 610), among the remaining years above 
centuries before Christ will be found the Sunday letter b. With which, 
as before, we find Friday, the day of the week required. 

(11.) According to Archbishop Usher, the earth was created 2Zrd 
October, 4004, b. c. o. s. Required the day of the week. 

Ans, Sunday. 

(12.) On what days of the week, in the year 1724, Old Style, did 
17<A of Januafy, leap year, and \Qth of December fall? and in what other 
years of the ISth and I9th centuries will the same dates of the month 
fall on the same days of the week ? 

Ans. In the year 1724, o. 8., 17^ January happened on a Friday, 
and 16 /A December on a Wednesday. And the only other leap year, 
o. 8., in the IBth century, which answers the question, is 1752; and 
the only leap year, n. s., which in the I8th century answers the 
question is 1772, therefore 17 th January falls on a Friday. Similarly,' in 
the 19^ century, the years are -1812, -1840, '1868, and -1896, in which 
\7th January falls on a Friday. 

With regard to \6th December, all years before 1752 are to be taken 
by Old Style; these years are 1702, 1713, 1719, 1724, 1730, 1741, and 
1747, o. 8. ; the years after 1751 are to be taken by New Style, which, 
in the 18th century, are 1761, 1767, 1772, 1778. 1789, 1795. And, in 
the \9th century, 1801, 1807, 1812, 1818, 1829, 1835, 1840, 1846, 
18 57, 1863, 1868, 1874, 1885, 1891, and 1896, in all which years 
\6th December happens on a Wednesday. 

N. B. In England the year was commenced by the Church on the 
25th of December, or Christmas-day, from the seventh to the twelfth 
century, and by civilians to the fourteenth century ; from 1400 till 
1752, the year began on the 25/A of March; and from 1752 to the 
present time it began on the 1st of January : consequently, in some 
manuscripts, where the dates do not agree with the above calendar, 
between January 1st to the 25th of March, in any year from 1400 to 
1752, one year should be added to the given year, before using either 
of the above Tables; also, from 700 to 1400, for dates between 
Christmas -day and the 1st of January, one year should be subtracted 
to give the correct date. But the whole of these particulars have been 
generally rectified in printed works on Chronology, &c. to agree with 
the historical yean 
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TO FIND EASTER SUNDAY FOR ANY YEAR IN PERPE- 
TUITY BY NEW OR OLD STYLE. 

Easter Sunday is that Sunday whiiDh happens next after the Paschal 
fourteenth of the moon. 

The paschal fourteenth of the moon is that foarteenth day of t&e moon's 
age "which happens on or next after the 2\8t March. 

The paschal fourteenth of the moon depends on the moon's age on 
some specific day, (the choice of which is arbitrary). 

The epact of any year is the moon's age on the last day of the pre- 
ceding year. 

The paschal fourteenth has therefore a dependence on the epact. 

The epact depends on a cycle of 19 years ; the nineteen numbers of this 
cycle are called ^o/(/en numbers ; in the Julian or Old style a lunar cor- 
rection is in strictness required ; in the Gregorian or new style there is 
a second correction required, which may be called the solar correction. 

The lunar correction is a correction of 1 day every 3 12 J years, or of 8 
days in 2500 years ; its cycle is a passage through 4 lunations, or 15 x 
2500 » 37500 years, or 375 centuries, because it is only yaried from 
century to century. 

The solar correction depends only on the change of style from the 
Julian to the Gregorian ; the three days taken away by Pope 
Gregory XIII. every 400 years amounts to an entire lunation or 30 
days in 4000 years, which is therefore the cycle of the solar correction. 

In the process of determining Easter there are several divisions, in 
some of which the integral quotient only is to be taken, and others in 
which the remainder only is required. 

When the letter q is attached as an index to a formula of division, it 
denotes the integral quotient only is to be taken. 

When the letter r is attached as an index to a formula of divisioo, it 

1 ifi 
denotes that the remainder only is to be taken ; thus in --— «• 16 the 

quotient and 4 the remainder ; then ( — - j =16, and f — - j =4. 



To find Easter Sunday for any Year after Christ, New 

Style. 

First. Let the given date of the year be called a 

Second, Let ( -— - ) , or the number of centuries contained in a, be 



(ioo) ' 



q 
called b 

Third. Let \-r^ = | ^,^^ — ^1 , or the number of centuries in 

\ 25 /g \ 100 J,' 

4x(6 + 8) . c 
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Fourth. 



If e=24, change it always into 25. If e~25, change it into 26, pro- 
vided It;:) exceed 10 ; hut not otherwiae. 
\19/r 

Fifth. Take 44— e, if ebe less than 24 ; bat if e exceed 24, take 74-e, 
and call the result p 

Seventh, Then p + d, \f p + d does not exceed 31, is that day of 
March on which falls Easter Sunday. 

And p + d^3hi{p + d does exceed 31, is that day of April on which 
fidls Easter Sunday. 

In the above process ( tt: ] > which may be called^, is the golden number 
of the year preceding the given date a; its cycle is 19 years. 

I — ) is the lunar correction (for which we may also take the 

remainder after dividing by 30). 

fi ) "*" r^^~ (on ) M* ^^® ^^^ correction (for which we may also 
take the remainder after dividing by 30). 

The sum of the above two corrections, ( — o~~) + |~^ + 
J I , or the remainder after dividing it by 30, is the luni-solar 

correction ; its cycle is 300000 years, being the least common multiple 
of the two partial cycles of 37500 and 4000 years. 

e is the epact ; its cycle is 19 x 300000 = 5700000 years, compounded 
of 19, the cycle of the Golden number, and 300000, the cycle of the 
luni-solar correction. 

p is the paschal term, or the number of days from the last day of the 
preceding February to the day of the paschal fourteenth ; its cycle is 
the same as that of the epact, viz. 5700000 years. 

(a) "*" r^ "" (7) I *^ *^® week-day correction j its cycle is 400 years. 

7—1/ is the dominical number; it determines the day of the week 
upon which falls the paschal fourteenth for, as 7^d is = 0, 1, 2, 3, 4^ 5, 
or 6, so does the paschal fourteenth fall upon Sunday, Monday, Tuesday, 
Wednesday, Thursday, Friday, or Saturday. 

d is the number of days by which Easter Sunday follows the paschal 
fourteenth. 
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To find Easter Sunday for any Year after Christ, Old Style. 

This detenniDEtion is deriyed from New Style bj makiDg the Inni- 
solar correction ^^!^-j +Q + fso- ^--) l-O.whichreduces 

the epact to e= \ ^^""KWr^^ \ ♦. and the least raloe of f ~) which 

makes e^2A, isi-26 ; hence e is never «24. 

Also (-| + I 9 — {7) I the week-day correction =0. 

Whence the preceding process for the Gregorian or New style is for 
the Julian or Old style, reduced thus: 

First, Let the given date be called a 



I 30 J r 



Second, Compute e-- 

Third. Find/) as in Fifth of New Style. 

Fourth. Compute <fs 7 



-WiL}; 



Fifth. Then (p + d) of March, or (/> + d)— 31 of April, as in Seventh 
of New Style, is Easter Sunday. 

The cycle of e is 19 years, that of d is 28 years ; the cycle of Easter 
Sundays is therefore 19 x 28=^532 years. 

Note 1. To find the remainder in dividing by 30, take the sum of all 
the digits except the last, which sum divide by 3 ; the remainder will be 
the tens* digits of the remainder, to which annex the unit's figure of 
the dividend. 

BXA3IPLE8. 

(Ez. 1.) Required Easter Sunday for the year I after Christ 

For New Style. First, a « 1 ; second, i = ; third, (-i^) - ir^) " 



* In strictness it should 



I 30 Jr 

and for dates before Christ instead of g^ (—) take ^ «> 20 - | ^ j 
which makes when [r^j «1. 



30 
44-6-44-19-25 
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^ L 30 J 1 

■["'fe),^r-^).'(;)/ [''-s)j } 

t 80 Jr 

-7— Tyj =7-0-7-rf;«tt;cn(*,p-»-rf-31 =25 + 7—31 — 1, There- J 
fore, 1«^ April is Easter Sunday, New Style, 

^ 80 Jr 

~ ( 30 ^ ) " (30) "" ^^ ' ^^^^' p -25, as before ; /oiirtA, d - 
7_f25+l+(Ml ^ /25 + l+0\ ^ /26\ ^ 

/) + d-25 + 2 -27 ; whence 21th March is Easter Sunday, Old Style. 
{Ex. 2.) Required Easter Sunday for the year 1852 after Christ. 

¥oT New Style. -Fir«<, a- 1852 ; second, (—\ = /^1?5?^ «18«6; 

\100/g \100/^ 

"'*m').-m.-©,->-" 

/»* (■"(■°.) .'(-^-')/(t).-[-'-(4)J l 

L 30 J r 

^ 30 J r 

rilx9 + 6 + 4 + 20\ /129\ ^ ^^. ,, 

I 30 /r"(30 jr-^=' ' •^•^^' 44-e-44-9-35-;); 



For 02i 5/;y/e. iPir«^, a — 1 ; second, e> 

' 80 



•1 
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^y_J35 + 1852 + 463 + 4 + 5J __y_J2^J^^^_j,_^y_j ^^^ 

p + d— 31 =35 + 7— 31 = 11 ; whence llfA April is Easter Sunday, New 
Style, 

For Old Style. First, a = 1862 ; eecondy €= j ^^ ^ V 19~/r'*' \ 

L 30 Jr 

^/llj^9+8\ ^/^\ ^17. t^iVrf, 44-c=44-l7=27=;>; fourth, 

^ /27 + 1852 + 463\ ^ /2342\ „ , « , ^r.i; ^^ 
= 7-^ y Jr" ^-^j^=7-4 = 3=:d; fifth, p + rf- 

27 + 3 = 30 ; whence 30^A March, is Easter Sunday, Old Style. 

(Ex, 3.) Required Easter Sunday for the year 1234567890 after 
Christ. 

For New Style, JVV«^ a = 1234567890 ; second, 6 = 12345678; 

^ (!H1^=)_.(!S!«-)^.(2??|P)^..,»..., 

r,. /H34867890\ . /U345W8+l-«38«7\j./laM»6r8\ . r„ /123466T8\ T) 

) "n— [9— ),^( ^8 — ^-)?(-^r-)^LM-(-^o-;rj f 



r 



{ 



11x7+^111^2^ +3086419 + (38- 18)1 

30 ~Ji 



/77+ 3950617 + 3086419 + 20\ /7037133\ , v ^r , , „.« 
= ( j^=(-^^,andhyiVbtel.p.255. 

/7 + + 3 + 7 + l + 3\ /21\ ^ , /7037133\ ^„ 

^yVA, 44-e=44-3-41=p; 
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■^,-( >"'e).'e).'[-(').] }- 

C. . i«,-.r^o««. / 1234667890 \ /12345G7I\ . P^ /l»45e78\ T> 
7- ^ 41+ 1884867890+ ( , ^ •*• ( "X^- )g •*- L^ - V -y- )r ] J^ 

^ /41 + 1234567890 + 808641972 + 8086419 + 7\ 
y_^^ 1546296329 ^^^y^^^^^^^ «ci;en(A, ;i+rf-31-41+3-31=lS, 

whence 13M April is Easter Sunday, New Style, 
For the Julian Style, First, a » 1234567890; 

^,.( "'(H)/' |-( "'('-^^ir^).-n 

I 30 J*- I 30 Jr 

-V^^}-©r'"'"'^'-r.'-''-'" 

_ y / 49 + 1234567890 + 308641972 \ / 1543209911 \ _y_^ 

=2=d;^A,p + d-31 = 49 + 2-31=20; whence 20t& April is Easter 
Sunday, Old Style. 

Note 2. Since the Easter Sundays recur again in the Gregorian 
style in a cycle of 5700000 years, we may, when the given date is above 
5699999, divide by 5700000, and take the remainder for the given date; 
thus for the year 5700000 we may take a^O; then 6=0; c=0; 

L 30 J*' 

-,- [ ''♦■"(;)/(i ).-['-(°).]} -: - («)^-r-. 

=4; whence ,36 + 4-31 =9 gives 9<A April, for Easter Sunday, New 
Style. 
Again, let the preceding example, 1234567890 be taken, then 

— -, ] ::=3367890. Hence,/r«^3367890=a;«cc(mrf, 33678-6; 

5700000 /r »^ » » -T 

thirdy c = 1347 ; fourth, e = 3 as before ; and^i!6, p ==41 as before } sistk, 
da 3 as before; whence the result is I3th April for Easter Sunday, New 
Style, as before. 

Note 3. Since the Easter Sundays recur again in the Julian Style in 
a cycle of 532 years, we may, when the given date exceeds 531, ditide 
bf 532, and take the remainder fox l^ie f^^eu ^aXft. 



;i-36; 



d= 
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Thus, taking the number 1234567890, we'haye ( -— ) 

\ 532 /,. 

«=178. Hence, firsU 178 — a; second, 6—25 as before; third, p=:49 
as before; fourth, (/»5 as before ; Whence, fifth, 20th April is Easter 
Sunday, Old Style, as before. 

JVote 4. Aloysius Lilius, or Luigi Lilio Ghiraldi, a learned astrono- 
mer and physician of Naples, was the inventor of the Luni* Solar 
correctioo, and, according to his principles, a table of 3000 centuries, 
the Cycle, was inserted by Christopher Clavins in his great work on 
the Calendar printed in 16X2, folio: each of these centuries is indicated by 
a letter (of which there are thirty) prefixed, those centuries requiring 
the same correction having the same letter, and those requiring ft 
different correction having a different letter. 

V If .1. /1234567890\ /3367890\ ^^^^^ ^ v v *i. 

Now, if we take ( — ,^^^^^ or ( -;——-—l« 67890, of which the 
* \ 300000 Jr \ 300000/ r 

number of centuries is 678 ; the same lunar correction 398 or 8, belongs 
equally to 1234567890, 3367890, and 67890, and to the centurial year in 
the Table of Clavius is prefixed the letter h. Now, there is another 
table in the same work of Clavius, containing the Epacts, &c. for the 
Gregorian S^le, and the Golden Numbers, Sunday Letters, Paschal 
fourteenths, Easter Sundays, &c. both for New and Old Style, from the 
year 1600 to the year 5000, both inclusive, with which we compared 
our solutions ; thus, in the first table commencing at page 112, we find 
the letter h prefixed to the centurial year 5000, which must, therefore, 
have the same lunar correction, 8, before found. Now, whenever p and 
d are the same, Easter Sunday is the same, or whenever e, the epact, and 
the Sunday letter are the same, Easter Sunday is the same ; but e is 
always the same when the Golden Number and the luni-solar correction 
are the same. Next for the Sunday letter, if we divide I234567890'or 
3367890 by 400 and add 2000 years to the remainder, we shall find 
what year has the same Sunday letter as that proposed, and which year 
will be found in the second great table of Clavius, commencing at 
page 380 ; to find the year, it is sufficient to take the last four digits of 

(7890 \ 
—— J +2000=2290, which, by the table of 

Clavius, has the Sunday letter E ; hence, every year in the table of 
Clavius, which has 3 for its epact and E for its Sunday letter, will have 
the same Easter Sunday, New Style, as the proposed year 1234567890, 
or 3367890 ; now, on referring to the table of Clavius, we find the year 
1732 to have 3 for its epact and E for its Sunday letter; and the 
Easter Sunday, New Style, is there given I3th April, agreeing with the 
foregoing computed result And we may, in like manner, compare any 
given year with the two tables of Clavius, of which two tables every 
error has been corrected. In the table of the cycle of 3000 centuries, 
only two errors were discovered ; the year 57400, which has C, should 
have D; and the year 57700, which has D, should have C. 

With regard to Old Style Easters, if we take 532 x 3 + / ^ j for>. 
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we have a corresponding year in the second table of ClaTios ; thus, for 

/12S4567890\ 
a -1234567890, we haye 532 x 3+ ( 532 ) "= 1596 + 178 « 1774, 

which in the table of Clayins has 20th April for Easter Sunday, OU 
Style, agreeing with our calculated result 

{Ex, 4.) Find Easter Sunday for the year 33 A. c. (year of the 
crucifixion), both for the New and Old Style. 

Ans, 3 April, New Style; 5 April, Old Styl& 

(Ex, 5.) Find Easter Sunday for the year 100 A.C., both for New 

and Old Style. Ans, ISth April New, and I2th April Old Style. 

(Ex. 6.) Find Easter Sunday for the year 325 a.c. (Uie year of the 

Council of Nice, which established the definition of Eastor here given). 

Atu, I9th April New Style ; 18^ April Old Style. 
(Ex, 7.) Find Easter Sunday for the year 1583 (the first Easter 
observed according to the Gregorian or New Style). 

Atu, lOth April New Style, and Slat March Old Style. 

(Ex. 8.) Find Easter Sunday for 1600 (the first in the Table of 

Clavius). An8. 2nd April New, and 2Srd March Old Style. 

(Ex. 9.) Find Easter Sunday for 1753 (the first observed in 

England according to New Style). 

Ane, 22nd April New, and Uth April Old Style. 
(Ex, 10.) Find Easter Sunday for 1693. 

Ans. 22nd March New Style (the earliest possible day), 
and l^th April Old Style. 
(Ex, 11.) Find Easter Sunday for 1734. 

Ans, 2bth April New Style (the latest possible day), and 
Uth April Om Style, 
(Ex, 12.) Find Easter Sunday for 1954. 

Ans, ISth April New Style, Uth April Old Style. 
(Ex, 13.) Find Easter Sunday for 2060. 

Ans, 18/A April New Style, I2ih April Old Style. 
(Ex, 14.) Find Easter Sunday for the year 3909. 

Ans. im April New Style, Ath April Old Style. 
(Ex, 15.) Find Easter Sunday for the year 4763. 

Ans. 7th April New Style, I5th April Old Style. 
Gauss has taken this example, and by his formula also finds 7th April 
New Style, and 15th April Old Style. 

N.B. The last six examples are taken from Delambre's Formuls 
(see Connaissance des Terns, Additions, Annie 1817, page 307.) 

(Ex, \6.) Find Easter Sunday for the year 5000 (the last in the 
table of Clavius). Ans. SOth March New, and 5th April Old Style. 

(Ex. 17.) Find Easter Sunday for the year 9876543210 both fi>r 
New and Old Style, using the cycles of 5700000 and 532. 

Ans. Uth April New Style, and 16th April Old StfU. 
The principal authority for the determination of Easter is Clavios, 
who carried out the principles of Aloysius Lilius, the inventor (Encye, 
Brit, Art "Calendar,'* p, 10.). Gauss, also, in the Manatlicke OkT' 
respondenz von Baron von Zach, Aug. 1800, has reduced the detennina* 
tion of Easter to an analytical formula, which Delambre says ma? 6il 
Btter the year 4200, in consequence oi om\\X\n.%\Vi<& tfttm c m the nmar 
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correetion : his formula, applied to the year 9876543210, gives 18th 
April, New Style. This method of Gauss is given in the Edin. Encyc.^ 
in the article " Chronology," together -with two tables required ; but it 
is not there shown how the tables are computed, but this Gauss himself has 
done. The formula of Gauss has been corrected by Ciccolini. Delambre, 
in his Hiatoire de VAstronomie Moderne^ vol. t p. 25., has given a method 
of finding Easter, which, however, 'fails after 108 centuries, by requiring 
an impossible subtraction. He has given aUo a method in the Additions 
to the Connaisaance dee Terns, Annie 1817, which, though not liable to 
this objection, is not so general as it might haye been made ; most of 
these formulae are restricted to commence at a certain century. Those 
here given are unlimited, and they might even be carried back to years 
hefore Christ by means of the cycles of 5700000 and 532 years. Thus, 
let A be any date after Christ, c the number of years in a cycle ; then 

A and |-| are equivalents; similarly, if a be any date before Christ, 

then c + 1 — I 1 will be an equivalent date after Christ. The cycles 

for the epacts are 300000 years, and 19 years. 

The epacts e here determined are annual epacts, if m denote a monthly 
epact, t the date of the month, then the moon's age for that day will be 



M = - 



( — ~ — ) ; the values of wi are given below.* 



(Ex, 1.) For 30/A September 610 b.c.. Old Style. Here a = 610, c = 

300000; = 300001-^-^?^-- 1 =300001-610-299391; 6 = 2993; 
* \ 300000/ r 

Next, c = 19, then 
o^ /A\ «^ /610\ ,^ /2993 

2^-(l9l=2^-(-19l=^«-'^=(-25 



19 /r 

by the foot note, page 255 



18; c=( 



+ 8\ /3001\ ,„„ ^. 

-} 



,„ /2993 + l-120\ 



/198 + 958 
\ 30 



^ — J =|_— -J =22; m =7 ;<= 30; whence, M, the Moon's 
/22 + 7+30\ „^ , 



* MONTHLY MUMBEBS OB VALUES OF m. 



; Jan. 

1 


Feb. 


Mar. 


April 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Not. 


Dec. 


1 

1 


1 





1 


2 


3 


4 


5 


7 


7 


9 


9 



These numbers m show the moon's age on the last day of the pre- 
ceding month on the supposition that the annual epact —0. 
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(Ex, 2.) Required the Moon's age ISCftMay 1852, New Style. Hen 
«s9, by Example 2 of Easter; fiiB2; t»15, then Moon's age* 



/9 + 2 + 15\ ^^ , 



Note 5 . YHien m » 0, it indicates New Moon ; and when m «■ 15, it in- 
dicates full moon. 



A COLLECTION OF SOME OF THE MOST USEFUL 
PROPERTIES OF NUMBERS. 

[sXTaACTSD PEOM JEUCLID, AND OIHK& WUTKKS.] 

DEFINITIONS. 

(1.) A unit, or unity, is that bj which every thing, taken 
singly, or by itself, is considered as one. • 

(2.) An integer, or whole number, is that which is com- 
posed of one or more units, as 1, 2, 3, 4, &c. 

(3.) A multiple of any number is some exact number of 
times that number. 

Thus, 6 is a multiple of 2, or of 3, the former being taken 
three times, and the latter twice. 

(4.) A measure or aliquot part of any number is the 
number by which it can be divided without leaving any 
remainder. 

Thus, 2 and 3 are each measures, or aliquot parts of 6, 
being contained in it an exact number of times. 

(5.) A common measure of two or more numbers is that 
number which will divide each of them without leaving a re- 
mainder ; and if it be the greatest number that will divide 
them, it is called their greatest common measure. 

Thus, 2 is a common measure of 8 and 12, being cont^ned 
in the former of these numbers four times, and in the latter 
six ; and 4 is their greatest common measure. 

(6.) An even number is that which can be halved, or di- 
vided into two equal parts, as 2, 4, 8, 10, &c., each of which 
can be divided by 2. 

(7.) An odd number is that which cannot be halved, or 
which diflfers from an even number by unity, as 1, 3, 5, 7, 
9, &c., neither of wliich can be divided by 2, without a re- 
mainder. 

(8.^ A prime or incomposite number is that which caxmot 
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be esactlj divided bj any other number, except by itself, or 
unity. 

Thus, 2, 3, 5, 7, 11, 13, 17, &c. are primes, there being no 
number except 1, or themselves, by which they can be 
divided. 

(9.) Two numbers are said to be prime to each other, 
when they cannot both be divided by any other number 
except unity. 

Thus, 19 and 27 are prime to each other ; for though 27 
is divisible both by 3 and 9, yet 19 is not divisible by either 
of those numbers. 

(10.) Commensurable numbers are such as have a common 
measure, or that can be each divided by some other number, 
without leaving a remainder. 

Thus, 6 and 8 are commensurable numbers, being each 
divisible by 2 : also f , or f , or 2 a/2 and 3 a/2 are com- 
mensurable, the two former being divisible by -j^, and the 
two latter by V2.* 

(11.) Incommensurable numbers or quantities are such that 
no number, or quantity of the same kind, will measure or 
divide each of them without leaving a remainder. 

Thus, the numbers 15 and 16 are incommensurable; be- 
cause, though 15 can be divided by 3 and 5, and 16 by 2, 4, 
and 8, yet there is no single number whatever that will divide 
or measure both of them. 

(12.) A composite number is that which can be divided by 
some number greater than unity ; or which consists of two or 
more factors. 

Thus, 12 is a composite number, formed by the product of 
the two factors 3 and 4, or 2 and 6 ; by each of which it is 
divisible. 

(13.) A perfect number is that which is equal to the sum 
of all its divisors, or aliquot parts. 

Thus, 6, which is the first perfect number, is equal to 1 4- 
2 + 3, the sum of its aliquot parts ; and the next perfect 

• Any two fractions, when brought to the same denominator, have 
the reciprocal of that denominator for their common measure ; so that, 
in this sense, all vulgar fractions may he said to he commensurable. 

With respect to the next following definition, Euclid has demonstrated 
(Lib. X. Prop. 117.) that the side of a square and its diagonal are incom- 
mensurable to each other ; which is also the case with the diameter and 
circumference of a circle, as well as many other quantities. 
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number, 28, is equal to l+2+4-|-7-fl4, which is the sum 
of all its aliquot parts. 

(14.) Amicable numbers are such pairs of numbers as are 
each equal to the sum of all the divisors, or aliquot parts of 
the other. 

Thus, the first, or least pair of amicable numbers, is 220 
and 284; where l+2-|-4+5 + 10-f 11 -|- 20+22 + 44+55 
+ 110, the sum of the aliquot parts of 220, is equal to ^4 ; 
and 1+2+4 + 71 + 142, the sum of the aliquot parts of 284, 
is equal to 220. 

Axiom 1. Any even number may be represented by 2nf 
and any odd number by 2n+ 1, or 2n— 1, n being any whole 
number whatever. 

Thus, if w=7, then 2w=2 x 7=14, an even number ; and 
2n+l=2x 7 + 1 = 15, an odd number, or2»— 1=2x7— 1 
= 13, an odd number. 

2. The sum, difference, or product, of any two whole 
numbers is a whole number ; and any multiple of a whole 
number is a whole number. 



PROPOSITIONS. 

(1.) The sum of any number of even numbers is an even 
number. 

For, let 2fl, 26, 2c, &c. be=to any even numbers. 
• Then will 2a + 26 + 2c, &c. be = to their sum. 

"Which is, evidently, an even number, being divisible by 2. 
iW' 6.) 
Cor, Hence, an even number, taken any number of times, 
is an even number. 

(2.) The sum of any even number of odd numbers is an 
even number. 

For, let 2a + 1, 26 + 1, 2c + 1, 2rf + 1, &c. be any odd numbers. 

Then will 2a + 26 + 2c + 2(/, &c. + 1 + 1 + 1 + 1, &c. be»to their 
sum. 

And, since 2a + 26 + 2c + 2d, &c. is an even number, and any 
even number of units is also an even number, it is plain that the 
whole must be even. 

Cor, An odd number, taken any even number of times, is 
an even number. 

(3.) The sum of any odd number of odd numbers is an 
odd number. 
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For, let 2a+ 1, 2A+ 1, 2c+ 1, &c. be any odd numbers. 
Then 2a + 26 + 2c + &c. + I + 1 + 1 + &c. =their sum. 
And, since 2a + 26 4- 2c + &c. is an even number, and any odd 
number of units is an odd number, the vhole must be odd. 

Cor, An odd number, taken any odd number of times, is 
an odd number. 

. (4.) If an even number be taken from an even number, or 
an odd number from an odd number, the remainder will be 
even. 

For, let 2a and 26 be any two even numbers, of which 2a is the 
greatest 

Then, since 2a— 2b is divisible by 2, it is evidently an even 
number. 

And if 2a + 1 and 26 + 1 be any two odd numbers, of which 
2a + 1 is the greatest. 

Then, since (2a +1)— (26+1), which is = 2a — 26, is divisible 
by 2, it is evidently an even number. 

(5.) If an even number be taken from an odd number, or 
an odd number from an even one, the remainder will be odd. 

For, let 2a, 26, be two even numbers, and 2c + 1, 2<f + 1, be two 
odd numbers, of which 2e + 1 is greater than 2a, and 2d+ i less 
than 26. 

Then, smce 2c + l — 2a, or2c— 2a+l, and 26— (2d+l), or 
26— 2d— 1, are not divisible by 2, they will evidently be odd 
numbers. 

(6.) If an odd number be multiplied by an odd number, 
the product will be odd. 

For, let 2a + 1 and 26 + 1 be any two odd numbers. 
Then will 4a6 + 2a + 26 + 1, be»to their product; which is 
evidently an odd number, as it is not divisible by 2. 

(7.) If an even number be multiplied by any number, 
either even or odd, the product will be even. 

For, let 2a, 26, be any even numbers, and 2c+l an odd 
number. 

Then will their products 2a x 26, and 2a(2c + 1) be evidently 
even numbers, being each divisible by 2. 

Cor, An odd number is not divisible by an even number. 

(8.) If an odd number be divisible by an odd number, the 
quotient will be odd ; and if an even number be divisible by 
an odd number, the quotient will be even. 

For, let r^ — -—g ; then will 2a + l^(2b-¥l)q, 
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And, because 2a + 1 and 2b + I are odd numbers, q most also 
be an odd number. (Prop. 6.) 

2(1 
Again, let --r — r=7; then will 2a » (26 4* 1) x q. 

And, because 26 + 1 is odd, and 2a is even, q must also be even. 
(Prop. 7.) 

(9.) If an odd number divides an even number, it will also 
divide the half of it. 

And since 9 is an even number (Prop. 8.), Jg, or its equal 

a 
^ — -, must be a -whole number. (Def. 6.) 

(10.) If one number divides another, it will also divide 
any multiple of it. 

For, let n=be any number whatever, and put -r=»5; then, bj 

multiplying each of the terms by n, the former expression will 

. na 

become -^--^ nq: 

And since 9 is a whole number (by hyp.), nq^ or its equal 

-J-, must also be a whole number. ( Ax. 2. ) 


(11.) If a number divide the whole of any number, and a 
part of it, it will also divide the remaining part. 

For, since and — are each of them the whole numbers 

c c 

(by hyp.), 

«:- is also a whole number. (Ax. 2.) 

c c c ' 

(12.) If a number divide two other numbers,, it will also 
divide their sum and difference. 

For since - and - are each of them whole numbers (by hyp), 

their sum and difference and —^ must be also whole 

c c 

numbers. (Ax. 2.) 

13.) The difference of the squares of any two numbers is 
divisible both by their sum and differeMce. . » 
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For (a«-62) -i-(a-6), or ?^£^«a + 6. 

And (V— 6-)-5-(a + 6), or r-«o-&- 

^ ^ ^ a+b 

(14.) The sum of the cubes of any two numbers is divisible 
by the sum of these numbers ; and the difference of their 
cubes is divisible by the difference of the numbers.* 

For, (a» +6')-r(a + 6), or^^-r-,«o«-ad + 6«. 

O "T" O 

And (a»-6'')-r(a-6), or r>-«* + «* + 6*. 

(l.^.) If a square number divide a square number, or a 
cube a cube, &c., the root will also divide the root. 



a* a* , a** 



For, ri* -ji> ^'^d-rj, are each of them whole numbers (by hyp. ) ; 

Whence -r must also be a whole number, or otherwise whole 

numbers, multiplied by whole numbers, would not produce whole 
numbers. 

Cor. Since 10 is divisible by 2 and by 5 ; 10" is divisible 
by 2^ and 5*. 

(16.) The product of two square numbers is a square 
number, and the product of two cube numbers is a cube 
number, &c. 

Thus, a* X a^^a^f the square root of which is a*. 
And a* x d^^B^a*, the cube root of which is a*. 
Also o» X a'*'^a^j the nth root of which o*. 

Cor, Every power of a square number is a square number, 
and every power of a cube number is a cube, &c. 

But the product of a square or a cube, by a number that is 
not a square, or a cube, can never be a square, or a cube, &c. 

(17.) The sum of two numbers, differing by unity, is equal 
to the difference of their squares. 



* a" + 6" is diyisible by a + b, when n is any odd number ; and 
an^^n is diyisible by a + 6, when n is an even number. 

Also an—b^ is divisible by a -6, when n is any whole number what- 
ever. Thus, ^5^^^«o«»-* + 6a»— » + 6''a«-' + ^o«-*..6«»-»a h6»» — ». 

N S 



268 PBOPEUTIES OF NUMBERS. 

Let a and a + 1 be the two numbers. 

Then 2a + 1 =8um;and(tt+ 1)'- — a'=a^ + 2a+ 1 — a' = 2rt + l7 
difference of their squares. 

Cor. The differences of the squares, 0^, I*, 2«, 3^, 4«, 5*, 
&c. are the odd numbers, 1, 3, o, 7, 9, &c. 

(18.) If an odd number (a) be prime to any other number 
(6), it will also be prime to the double of it (2^). 

For no even number can divide a (Cor. Prop. 7.); and any odd 
number that divides a and 26 will also divide a and h, ( Prop. 9.) 

In this case, therefore, a and h would not be prime to each 
other, wliich is contrary to the hypothesis. 

(19.) If each of two numbers (a, b) be prime to a third, c, 
their product {ah) will also be prime to c. 

For if not, let </ be a prime divisor of ab and c, and put 

ah ... an, 

—r = n\ in which case — ,= t 
d do 

Then, because d cannot be a divisor of a or b, since they a'e 
each prime to c, - will be a fraction in its lowest terms. 

And if , is not so, \Qid' be the greatest common divisor of n 

and h, 

. a n d!r r 
Then, since -.=-: =-7- «- , the first and last of these fractions 
u o a r V 

must be identical, as they are both irreducible. 

Hence we have a=r, and rf=r'j and h^d!r^dd^j or -j a=(/'. 

a 
a whole number, which is absurd ; since d has been shown not to 
be a divisor of b. 

Therefore, if a and h be each prime to c, o^ will also be prime 
to c. 

(20.) If one number (a) be prime to another (h\ its square 
(a^), cube {a?\ or any other power, will also be prime to it. 

For, since a and b have no common factor. 
Neither axa (or o^), nor 6, can have a common factor ; 
Consequently, they must be primes ; and the same will hold 
for any other power. 

(21.) If two numbers {a and h) be prime to each other, 
their sum (a + i) will also be prime to either of them. 

For, if not, let d be the common divisor of a and a + 6 ; then 
it will also divide the remaining part 6. (Prop. 11.) 

Hence the number a would not be prime to b ; which is con- 
trary to the hypothesis. 



PROPERTIES OP NUMBERS. 269 

Cor, If a number {a + h) be prime to one of its parts (a), 
it will also be prime to the remaining part (b). 

(22.) If n be made to represent any of the natural numbers, 
1, 2, 3, 4, 5, &c., then will 6« — 1 and 6n -hi constitute a 
series which contains all the prime numbers above 8. 

Thus, if 1,2, 3, 5, 7, &c. be substituted for n, we shall have 
5, 7, 11, 13, 17, 19, 29, 31, 41, 43, &c. prime numbers. 

But it must be observed, that neither 6n — 1 nor 6n + 1 are 
always prime numbers, nor has any general expression yet been 
found that answers this purpose.* 

(23.) All the powers of any number ending in 5 will end 
in o ; and if a number end in 6, all its powers will end in 6. 
For 5 X 5 =25 ; and 6 x 6 = 36, and so on. ' 

(24.) Every square number ends with one of the figures, 
1 , 4, 0, 6, or 9 ; or with an even number of ciphers, preceded 
by one of these figures. 

This will appear by squaring all the natural numbers to 10. 
And from the same proposition it follows, that no number 
ending with 2, 3, 7, or 8, can be a square. 

(25.) A cube number may end with any of the natural 
numbers, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 0. 

This will, likwise, appear by cubing those numbers. 

Note, There is no such thing as the exact square root of 2, 
3, o, 6, 7, 8, 10, &c., nor the exact cube root of 2, 3, 4, 5, 6, 
7, 9, &c. ; these being called surds, or irrational numbers. 

(26.) Any even square number is divisible by 4, and any 
even cube number by 8, 

For, since the square and cube are both even (by hyp.), the 
root must be even. ( Prop. 7.) 

Let, therefore, 2n be that root ; then 4n^ is the square of it, and 
Sn" its cube, which are evidently divisible by 4 and 8. 

(27.) An odd square number, when divided by 4, will 

leave a remainder of 1. * 

For, since the root of an odd square number is odd (Prop. 6.), 
let 2» + 1 be that root ; then its square 4n» + 4n + 1, being divided 
by 4, leaves l.f 

* All prime numbers, except 2, are odd, and have 1, 3, 7, or 9, in 
the place of units, 2 and 5 is excepted. 

The greatest prime number known at present is 2** — 1, or 2147483647, 
which was discovered by Euler, 

f It may be here further remarked, that a square number cannot 
end with an odd number of ciphers. 

n3 
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(28.) All square numbers are of one of the forms 4«, or 
4nH- 1 ; n being any whole number whatever. 

For the roots of all eren squares are of the form 2x (Prop. 7.), 
and consequently their squares are of the form 4nF, or 4n ; 

Also the roots of all odd squares are of the form 2ii+ 1 (Prop. 
6.), and therefore their squares are of the form 4it* + 4n + 1. 

And as this quantity, when divided hy 4, leaves a remainder of 
1, it is evident that all odd squares are of the form 4n + 1. 

Cor. If any number, when divided by 4, leaves a remainder 
of 2 or 3, that number cannot be a square. 

(29.) No square number can be contained under the form 
of any repeating digit. 

For, since it has heen shown, in Prop. 24., that no square 
number can end in 2, 3, 7, or 8, therefore no repetend of these 
numbers can be a square. 

And because any number of Ts or 5*8, divided by 4, leaves 3 for 
a remainder, a repetend of this kind cannot be a square. 

Also, because any number of 6's, when divided by 4, leaves 2 
for a remainder, therefore neither can this be a square. (Prop. 28.) 

And since every repetend of 4 or 9 is equal to a repetend of 
units, multiplied by 4 or 9, every such number must be equal to 
the product of two factors, one of which is a square, and the 
other not ; therefore in this case, also, the product cannot be a 
square. 

Hence no repetend of any digit is square. 

(30.) If, then, last n digits of any number be divisible by 
2", the number itself is divisible by 2**. 

For any number whatever may be expressed under the form 
a X 10" + the number expressed by the last n digits. 

Wherefore, since 10*» is divisible by 2» (Cor. Prop. 15.), it is 
evident, that when the last n digits are divisible by 2", the number 
itself (a + 10" + the number expressed by the last n digits) is also 
divisible by 2». 

Cor. Hence, if the last two digits of any number be divi- 
sible by 4, the number itself is divisible by 4 ; also if the 
last three digits be divisible by 8, the number itself is divi- 
sible by 8 ; and so on. 



Also, if the last figure of a square number be an odd number, the last 
but one will be an even number ; and if the last figure be an even 
number, the last but one will be odd, except when it is 4. 
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(31.) If the sum of the digits of any number be divisible 
by 3 or 9, the number itself will be divisible by 3 or 9. 

This has been shown in the former part of the work ; but it 
may be proved otherwise, thus : 

Any number may be expressed by the form alO* + blO*^^ + 

clO»-* + dlO«-* + &c +rlO»-», where a, J, c, d, &c 

are the digits of which the number is composed. 

And since every power of 10, when divided by 3 or 9, leaves 1 
for a remainder, it is evident that the number itself, when so 
divided, will leave the same remainder as the sum of its digits 
(a + 6 + c + rf+&c. , . . . + r). 

(32.) A number is divisible by 11, when the sum of the 
1st, 3rd, 5th, &c. digits is equal to the sum of the 2nd, 4th, 
6th, &c. digits. 

For, let a, 6, c, <f, e, &c. represent the digits of which any 
number is composed. 

Then this number may be expressed by al0** + 6l0**-* + 
clO»-« + rfl0--» + clO*-* + &c. 

And since all even powers of 10, when divided by 1 1, leave + 1 
for a remainder, it is evident that the sum of all the even terms in 
the above form, when so divided, will leave the same remainder as 
the sum of the digits belonging to those terms. 

Also, all odd powers of 10, when divided by 11, leave — 1 for 
remainder ; whence, the sum of the odd terms, in the above form, 
when so divided, will also leave the same remainder as the sum of 
the digits belonging to them. 

But, as this latter remainder is negative, and the former positive, 
they will mutually destroy each other, when their sums are equal ; 
that is, when the sum of the digits in the even places is equal to 
the sum of those in the odd places. 

Consequently, the number itself, in that case, is divisible by 1 1. 

(33.) If a number be not divisible by some number, which 
is either equal to or less than its square root, it is a prime 
number, or one that has no divisor. 

For every number that is divisible by another must consist of 
two factors, one of which is the divisor and the other the quotient. 

And as one of these must be equal to or less than the square 
root of the proposed number, and the other equal to or greater 
than that root, it is plain that if the number cannot be divided by 
the former of these, it cannot be divided by the latter. 

To this we may add, that it will only be necessary to try the 
division by the several prime numbers, up to the square root of 
the given number ; for if it be divisible by a composite number, 
it is evidently also divisible by the prime factors of that number. 

Cor, Hence if a number n be not divisible by any of the 

N 4 
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prime numbers that are eqnal to or less than ^h^ n is a 
prime number. 

(34.) The number of factors, or diyisors, of anj giTen 
number^ may be found as follows : 

Divide the nnmber, and the sereral quotients that arise, hj 2, 
as often as can be done ; then the last quotient hj 3, in the same 
manner ; and so on, in order, with the smallest prime nmnbers 9^ 
7, 1 1, &c. till the quotient is one ; then will th^ numbers be all 
the prime divisors of the given number. 

And if every two, every three, every four, &c. of the several 
figures made use of be multiplied together, the results will give 
the compound divisors ; which, together with the former, will be 
all the divisors of the given number. 

Thus, if it were required to find all the divisors of 360, we shall 
have, by the rule. 



2 

360 


2 

180 


2 
90 


3 
45 


3 
15 


5 
5 






when 2, 3, and 5 are the prime divisors of 3S0 ; 

And if the products of every two, every three, &c. of the 
numbers 2, 2, 2. 3, 3, and 5, above used, be taken, we shall 
have, when they are united to the former, 

1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 20, 24, 30, 
36, 40, 45, 60, 72, 90, 120, 180, and 360, 
which are all the divisors of 360 ; being 24 in number. 

Note. It is evident, from the above problem, that any 
number n may be expressed by the form o"», 6», c^, rf*, &c. ; 
where a. h, c, rf, &c. are its prime factors. 

And it can be shown that the number of its divisors is ex- 
pressed by the formula, 

(m+1) (n+1) (r+1) («+l), &c. 

Also all the divisors of n may be determined from the formula, 
(l+a + tt' + a' + &c. to a*«) (l+A + 6» + &c. to ft") (l+c + c* + 
&c. to C) ( 1 + rf + <i" + &c. tod**) &c. by multiplying them together, 
after the manner of compound multiplication in Algebra, and 
taking the several terms of the product. 

(35.) The sum of any number of consecutive cubes, be- 
p;inning with unity, is a square, the root of which is equal to 
the sum of the roots of the cubes.* 

For the sum of the series 1" + 2» + 3" + &c + n» is shown. 



*** It has been shown by Euler, Leoendre, and other writers on 
the Diophantine Algebra, that neither the sum nor the difference of two 
cub^s can be a cube ; nor the sum nor the difference of two biquadrates, 
a biquadrate. 
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^ ^ .. 1 i_ . 1. 1. «* + 2«» + ii« /n« + ii\t, 
by the writers on algebra, to be equal to = i — — J 

^ n^ + n 
and — — =ri+2 + 3 + 4 + &c. to n, as was to be proved. 

(36.) If n be made to denote any number whatever, then 
(2"— 1)2"-^ is a perfect number^ whenever 2"- 1 is a prime 
number. 

The proof of this is easily deduced from Euclid's Elements, 
(B. IX. last Prop.) where it is shown, that if the geometrical 
series, 1, 2, 4, 8, 16, 32, &c. be continued to such a number of 
terms as that their sum shall be a prime number, then the pro- 
duct of this sum by the last term of the series will be a perfect 
number. 

That is, since 1 + 2 + 2« + 2' + 2* + 2» + &c. . . to 2«-» is = 2» - 1 , 
it follows that (2»— 1)2» -* is a perfect number, whenever 2*— I 
is a prime number. 

Note. The first eight perfect numbers, with their factors 
and products, are as below; being all that are known nt 
present. 

6 .... (22 -1)2 

28 - - - - (23 -1)22 

496 - - - - (25 - 1 )24 

8128 - . - - (2^-1)26 

33550336 - - - (213-1)212 

8589869056 - - - (2i7-l)2i6 

137438691328 - - - (2i9-l)229 

2305843008139952128 - - (23i-l)230 

(37.) If a beput=2, and f be some integer number, such 
that 3a"— 1, 665*— 1, and 18o2»— l are all prime numbers, 
then (18a2*— l)x2a'* will be one of two amicable numbers, 
of which the sum of the aliquot parts of one will be equal to 
the other. 

This property is demonstrated by Schooten, sect. 9. of 
his Exerdtationes Mathematicce, who also gave the three 
following pairs of these numbers : 

220 and 284 

17296 and 18416 

9363584 and 9437056. 

But EuLER, whose attention was directed to almost every 
subject of an analytical investigation, has given a table of 63 
pairs of amicable numbers, in a miscellaneous tract, pub- 
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i 

limbed in 1750 ; whidi maj be all seen in the Appendix to 
Letbotrk's publication of the Mathematical Questions pro- 
posed in the LadM Diary, {See voL iv. p. 342.) 

(38.) Every number is either a square, ixr the sum of two, 
three, or four squares. 

Thus 5=4 + 1, 30=25+4 + 1, 63=49+9+4+1, 
or, 36+25 + 1 + 1. " 

This curious property has been demonstrated generallj by 
EcLER, Lagrange, Lbgeki>rb, and others ; and lately, in a 
manner peculiar to himself, by Gauss, a Grerman analyst of 
considerable reputation, in a work entitled Disquisitiones 
Arithmeticce ; which has since been translated into French by 
>L PouLLET Delisle. The investigation, however, is of too 
abstract a nature to be inserted in a work like the present. 

Sritlbtnttual l^treationd^ 

CONSISTING OP A SELECT COLLECTION OF SOME OF THE MOST 
CURIOUS AND ENTERTAINING QUESTIONS RELATING TO 
NUMBERS. 

(1.) What is I the quarter of? Am*. 2. 

(2.) If the third of 6 be 3, what must the fourth of 20 be? 

Am. 7^ 
(3.) If the half of 5 be 7, what part of 9 will be 11 ? 

Ans, ^^ of 9. 
(4.) Place four 9's so that their sum shall be 100. . 

Ans. 99f =100. 
(5.) Place four 5's so that their sum shall be 6^. 

Am. 6-5+f =6J. 
(6.) What part of threepence is a third part of twopence? 

^9i«.fof3d 

(7.) If a herring and a half cost three halfpence, how many 

can be had for a shilling ? Am. 12. 

(8.) John was bom when Thomas was 18 years of a^: 

how old will Thomas be when John is 72 ? Am. 90. 

(9.) If 12 apples be worth as much as 21 pears, and B 

pears cost a penny ; what is the price of 100 apples ? 

Ans. 58^ 
(10.) Place the 9 digits in two different ways, so that, in 
one case, their sum shall be 17, and in the other 3K 

See the Kejf. 
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(11.) Fifteen years ago I was three times as old as mj 
eldest son, but am now only twice as old ; what are our 
present ages ? Ans, 60 and 30. 

(12.) It is required to find such a number that 9 shall be 

two thirds of it. Am. 13^. 

■ (13.) What number is that, the thu'd and fourth parts of 

which, taken together, is 24^? Ans. 42. 

(14.) It is required to find four such weights as will weigh 
any number of pounds, from 1 lb. to 40 lbs. 

Ans. llb.y Sib., 9lb., 27ib. 

(15.) Place the 9 digits so that the sum of the odd digits 
shall be equal to the sum of the even ones. See the Key. 

(16.) A snail, in going up a maypole, 20 feet high, ascended 
8 feet every day, and tame down again 4 feet every night : 
how long would it be in getting to the top of the pole ? 

Ans. 4 days. 

(17.) A Cheshire cheese, being put into one of the scales 
of a false balance, was found to weigh 1 6 lbs. ; and when put 
into the other only 9 lbs ; what was its true weight ? 

Ans. I2lb. 

(18.) A company at a tavern spent 7/L 4*., and each of 
them had as many shillings to pay as there were persons in 
company : how many persons were there ? Ans. 12. 

(19.) A hundred hurdles may be so placed as to enclose 
200 sheep, and with two hurdles more the fold may be made 
to hold 400 ; how is this to be done ? See the Key. 

(20.) How must a board that is 16 inches long and 9 
inches broad be cut into two such parts, that when they are 
joined together they shall form a square? See the Key. 

(21.) A market-woman being asked how many eggs she 
had in her basket ; said, If I had as many more, half as many 
more, and thirteen eggs and a half, I should have 136: how 
many had she ? Ans. 49. 

{22.) A person left 100/. to be distributed among three 
poor widows, desiring that the shares of the eldest, the middle- 
aged one, and the youngest, should be in the proportion of 
^, ^ and ^ : how is this to be divided between them ? 

Ans. 46j%l, 30|^/., and 23j^L 

(23.) An Indian gardener being desirous of presenting a 
basket of oranges, of a peculiar quality, to the Nawab, had 
seven gates to pass before he could reach the audience 
chamber ; at the first of which he was obliged to give half 
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the number he had to the porter, at the second half of what 
remained, and so on ; when, at length, coming into the pre- 
sence of the prince, he found he had only one orange left : 
how many had he at first ? Ans, 128. 

(24.) A person having an $-gallon bottle of choice wine, 
wishes to part it equally between two friends, but has nothing 
but a 5-gallon bottle and a 3-gallon bottle to measure it witli ; 
now, with these 3 bottles only, how can this be done ? 

See the Kqf* 

(25.) Seven out of 21 bottles being full of wine, 7 half full, 
and 7 empty, it is required to distribute them among 3 persons, 
so that each person shall have the same quantity of wine, and 
the same number of bottles. See the Key, 

(26.) Supposing there are more persons in the world than 
any one of them has hairs upon his head, it then follows, as a 
necessary consequence, that some two of these, at least, must 
have exactly the same number of hairs on their heads, to a 
hair ; required the proof. See the Key* 

(27.) Three persons bought a quantity of sugar, weighing 
51 lbs., which they wish to part equally between them, but 
having only a 4 lb. weight and a 7 lb. weight, it is required 
to find how this can be done ? See the Key* 

(28.) A dishonest butler stole every day, from his master's 
cellar, a quart of wine from a particular cask, containing 42 gal- 
lons, and supplied its place each time with an equal quantity 
of water ; when at the end of 30 days the theft was discovered, 
and the butler discharged : what quantity of wine did he rob 
his master of, and how much remained in the cask ? 

Ans. 140*448 quarts left, and 27*522 taken away* 

(29.) A gentleman left by will 1 1000/. between his widow, 
two sons, and three daughters, directing that the mother 
should have double the share of a son and a son double the 
share of a daughter: how is this to be divided ? 

Ans, Mothers share 4000/., each of the two sons shares 
2000/., and each daughter's share ] 000/. 

(30.) A person being asked what o'clock it was, said. It is 
exactly between 8 and 9, and the hour and minute hands are 
together : what was the time ? Ans. 43-,Xj. minutes after 8, 

(31.) How must the nine digits 1, 2, 3, 4, 5, 6, 7, 8, 9, 1» 
placed in the form of a square, so that when reckoned upwardsi^ 
downwards, horizontally, and diagonally, the sum of each row 
shall be 15 ? See the Key. 
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(32.) I owe my friend a shilling, and as he has nothing about 
him but louis-d'ors, worth 17*. each, and I have nothing but 
{guineas worth 21*. each, it is required to find how an ex- 
dtonge between us must be managed, so that I may just ac- 
quit myself of the debt ? Ans. I must give 13 guineas, and 

receive 16 huis-dors, 
' i'(38.) The eldest of three sisters having 50 eggs to dispose 
of, the next 30, and the youngest 10, they so contrive it, that 
each of them sold their eggs at the same rate, and each got 
the same sum of money for them : how was this done ? 

See the Key. 

(34.) Being desirous of planting 2000 elms in 15 rows, so 
that the trees in each row may be 20 feet asunder : I desire 
to know how long the grove will be ? Ans, 2666|- feet. 

(35.) Supposing 26 hurdles can be placed in a rectangular 
form, so as to enclose 40 square yards of ground, how can they 
be placed, when two of them are taken away, so as to enclose 
120 square yards ? See the Key, 

(36.) A general, after a battle, found, upon reviewing his 
troops, that a third part of them had been killed, a fourth 
part taken prisoners, and a fifth part had run away ; so that 
he had only 1300 men left : how many had he at first ? 

Ans. 6000. 

(37.) Three men, having each an equal number of oranges, 
were met by nine women, who asked for some of them : upon 
which each man having given to each of the women the same 
number, it was found that both men and women had now 
equal shares : how many had the men at first ? See the Key, 

(38.) A gentleman gave to the first of three poor persons 
that he met half the number of shillings he had about him, 
and one shilling more ; to the second half what remained 
and two shillings more ; and to the third half what now re- 
mained and three shillings more, after which he found he 
had only one shilling left ; how many of them had he at first ? 

Ans. 42. 

(39.) A mule and an ass travelling together, the ass began 
to complain that her burden was too heavy. " Lazy animal," 
said the mule^ *' you have little reason to grumble ; for if I 
take one of your bags, I shall have twice as many as you, 
and if I give you one of mine, we shall then have only an 
equal number ;'' with how many bags were each loaded ? 

Ans. Mule 7, Ass 5. 
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(40.) The sum of 212/. 14*. 7d, is to be divided among a 
captain, four men, and a boy ; the captain is to have a slmre 
and a half, the men each a share, and the boj half a share ! 
what ought each person to receive ? Ans, Captain, 53/. Zs. 
7|^.; meuy 141/. 16*. 4f€?.; %, 17/. 14*. 6^ 
(41.) A person has a fox, a goose, and a peck of oats, to 
carry over a river ; but, on account of the smallness of thO 
boat, be can only transport them one at a time : now how 
can this be done, so as not to leave the fox with the goose, 
nor the goose with the oats ? See the Key. 

(42.) A square convent has a cell in each of its sides, and 
one in each corner ; in what manner may a number of nuns 
be disposed of in them, so that a blind abbess, who occupies 
a cell in the centre, shall always find, whenever she visits 
them, 9 in each row, and yet some of them may have gone 
out, or a certain number of women may have been intro- 
duced, so as to vary the number from 20 to 32 ? See the Key. 

(43.) A party of soldiers, consisting of 40 men, having 
been quartered in a certain district, where they had rendered 
themselves odious by theft and outrageous conduct, the com- 
manding officer was determined to have every tenth man 
shot, as a terror to the rest of the army ; but knowing, from 
their general characters, which of them had been the ring- 
leaders, desires to be informed how they may be placed in a 
circular manner, so that by taking every tenth of them in 
succession, the lot may fall upon the most culpable. 

See the Key. 

(44.) Three jealous husbands and their wives having to 
cross a river find a boat without its owner, which can only 
carry two persons at a time: in what manner, then, can 
these six persons transport themselves over, by pairs, so that 
none of the women shall be left in company with any of the 
men, except when her husband is present ? See the Key, 

(45.) A person having by accident broken a basket of eggs, 
offered to pay for them upon the spot, if the owner could tell 
how many he had ; to which he replied, that«he only knew 
there were between 50 and 100, and that when he counted 
them by 2's and 3's at a time none remained ; but when he 
counted them by 5 at a time, there were 3 remaining : how 
many eggs had he ? Ans, 78. 

(46.) A poor woman carrying a basket of apples, was met 
by 3 boys, the first of whom bonght half of what she had, 
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and then gave her back 10 ; the second bought a third of 
what remained and gave her back 2 ; and the third bought 
half of what she had now left and returned her 1 ; after 
which she found she had 12 apples remaining : what number 
had she at first ? Ans, 40. 

(47.) A market-woman bought 120 apples at 2 a penny, 
aind 120 more, of another sort, at 3 a penny ; but not liking 
her bargain, she mixed them together, and sold them out 
again at 5 for two-pence, thinking she should get the same 
sum ; but on counting her money, she found to her surprise, 
that she had lost four^pence : how did this happen ? 

See the Key* 

(48.) A person bought 100 animals, consisting of calves, 
pigs, and geese, for 100/. ; the calves cost him 6/. a piece, 
the pigs 1/. a piece, and the geese a crown a piece : how 
many of each sort did he buy? See the Key, 

(49.) Two travellers, one of whom had with him five bottles 
of wine, and the other tliree, were joined by a third person, 
who, after the wine was drunk, left 8*. for his just share of 
it : how is this to be divided between the other two ? 

Ans, The former must receive 7 s, and the latter Is, 

(50.) A person went out with a certain number of guineas 
about him, in order to purchase necessaries at different shops ; 
at the first of these he expended half the number he had and 
half a guinea more ; at the second half the remainder and 
half a guinea more ; and so on at a third and fourth shop : 
at the last of which, having paid for his articles, he found he 
had laid out all his money : how much had he at first ? 

Ans. 15 guineas, 

(«51.) A rajah's audience chamber has eight doors, which 
can be opened one at a time, 2 at a time, 3 at a time, and 
so on, through the whole number, till they are all opened 
together; how many times can this be done f«>w^92^. 19173960. 



THE END. 



LoKDOir : 

SroTTiswooDBs and Shaw, 
Kew-ftnet- Square. 
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Greek and English Plajs by T. W. C. Edwards, M. A. 

Coiittlulng on (he Hunt p^ie, the Greek Teit HPinponid wilb ErflirtI 
mfl Mhora, n btcBil transluiiHi Inlo Ensliah ftDse, Meu- " ■ 
EnKllili Acccnnutluii mil Nntei. 
j' ThijPhii3«.ofrfiu^M. rtiiw. 'I ■ Bniiicl?Tlil. 

ai The AlucRli ai LilAsiaa- lioak-t a. TkB King <Edipni of 

Text' _ I Brnppfc"! Teis, 

• ,"XlieaiiirJl.»iof Em- ■' " 



HsBSeli's Camera, or Art of Drawing 
Hewlett'a Modem Speaker; 

Soloctlont In ProM nnd Verae. ard nUHon, IBnio. 4a. roan latlered. 

Hodgkin's Sketch of the Greek Accidence ; 
Jacobs' (F.) Latin IZeader, 

Fart I. IZthEdlUun, Itnui.la. flil. claUi leRercd. 

Jacob's Latin Reader, 

Put n. 7111 Kaitlon, l:.'iiio. Sa. i^lotli Ictteiiil, 

Jacob's (Rev. G. A.) Bromsgrove Lutiu Grammur ; 

Siw EdIUiui. ISmo 4t. clotb lettered 

Jacob's {liev, G. A.) Bronisgrovc Greek Grammar; 

Kaw F-dfllon, lamn. Ss, cloth lettered. 
AlsoanEdiUomiliiiagedlbrUirKlDiiiaH. limu. [a.fid. cloUu 
Jordan's Art of German Writing ; 

lu s Set otewy CopiMfbr Student!. Now Edlllon, oblong, li. M. aennd 

Jnign^'a Table of French Verbs, 

Bj »hleh the Fonditton ofniiy TeBse.ic.may bodiiuid. A Sbeet Ss. col 

I , Nfuveau Testament, 

Iju, print, itereot)iiBi for ^cbool^' l'2nto- i^. rooji Ecllcrud. 
Lebahn's Self InBtructor — Eeadings in German; 
ISmo. Ga. Gd. doEli lettered. 

Lewis' Church Catechiem Explainod ; 

a4ino. 80. cloUl. 

Mair's Tyro's Dictionary of the Latin Language, 
Morti nein's I tali an-French itFrench-ItalianDiotioaary , 

Abrldj;ed from AlbHrtl'B, by SunT^eE'ella. 6Ili edit. lUn. '»il, roau let. 

Phojdri Aiigusti Liberti Fabnlaj jEaopiiE, 
Fhoedrus' Fables construed, 

FortlieuuorOramuuirEcliooli. IJmo. 3s. cloth. 
Pinnock's Grammar of Modem Geography. 
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Pinnock'e Grammar of the Enfclisli Language; 

Wllh QqiBliDiui flori EiciclMi. BlhediHon. laino.4a ea.nwD 

Pinnock's Grammar of Sacred Geography Si History; 

Vnth Mapn, VicKJ. and Costumes, etc. lima. is. M. renin latterea. 

Sehrevelius' Greek and English Lexicon (Valpy'a), 

, WlthminyKeuWurdJ!, Edll.bj Sr.UsJor. Tth eillt.Bvo. IKs.ia.lt 
Selloo's Abridgement of the Holy Scriptures ; 
I New Ediduu, ISmo. Is. fii. dolh lettered, 

.Teyler's Rudiments of the Eton Greek Grammar; 

, LUertmy tninslntadlotuSngllili : Hitli Kotaa. 12mD. in. doUi letlered. 

; Taylor's System of Stenography, 

I OrShDrt-hunilWiitiDg. Kew Edit. bj- Cooke, Fc. 3i cL;3s.<id, roui 

I lytler'a Elements of General History ; 
Trollope'a New Testament, 

! In Greek with EoglUh Notei. 2iiil edit. Bio. I3i. doth lotteled. 

j Virgii'8 Bucolics ; Heyne'a Test, ■with a literal 

I TrauBliitton Into Eii([. Pniao. By T.IV.C. Edwards, U-4. Imp.Hf o.Bi.ri 

White's Tutor's Espeditioua Assistant ; 

Foimdcrtoun New DlKDHrj; with copious Notei anluait- ISmo.a.tl 

White's Elucidation of the Tutor's Assistant. 

Sei^ond edition, llino. 1b. fid. clritli. 

White's Fracticnl System of Mental Arithmetic ; 

With man; metal Talilcn. 3rd edltJou, I3idd. St. Gd. clotTi. 

Wilcke's Easiest and Quickest Method of acijiiiriiig 

A Coned t^ronchandltiilliuiPraaiuidiitlou. and Edition, lanio-3h bd. 

Williams' Preceptor's Assistant ; 

Or, QuesUodi In Goiiuml Ulstory. Llleratuto. - ■ 

Williams' Parent's Catechism : 
Wheeler's OutUnes of Chronology, 

OnanEo^DndAiniialnsPlui. Itniu. Is, wired 

Wilson's Geography Simplified : 

3rd edition, IBnio. !i. roan letured, 

Yeates' Concise Hebrew Gn 

! Her. e. lllalloUnal.)-, Ph.D. Itoy. Svi 

Zotti'a General Table of the Italian Verba, 
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